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PREFACE

The purpose of this handbock is to bring together in concise form
the principlm ir: the art and :ie science of explosive train desizn.
There has been no primary soiree of these data, as they have been
seattered among a large numb 1 of sources, including letters, speci-
fications, and private notchoo! s

In the last 20 vears many ipdividaals have concerned themselves
with ordnanee desiza During World War 11 certain scientists, par-
tienlarly physicists wcz physw " nemist, became interested in the
seienee of the witie.in of expio~ 23 an ~onducted valuable experi-
meunts both theoretic of and speei? ?"ly periaining to ordnance. These
data, as well as fundamental facia wineh have long been known, are
presented in this handbook.

Where possible, an attempt hes “ooa mede to establish a connection
: hetween the art and the science. It will become obvious that the
art has the advantage of a great - .i start over the science. For in-
‘ stance, the properties and prevs srat'on of mercury fulminate have
been known since the year 18CG: {>¢ certain ordnance purposes this
material has not been supplanted duting the Iast century and a hali.

A further purpose of this volume is to uncover serious gaps in the -
art as well as the science of 0\'p‘(-f=n* » train design. The gaps will be-
come obvious in perusal of the hual-, since it will be noticed that the
waterinl in varions spots will fall slu-rt of the assigned goal of a com-
slete deseription of design principlos.

It is hoped that by use of this handbook the design work of those
already acquainted with the field will be facilitated and improved by
nllowing the designer to review the entire art in one package. Fur-
the.. this handbook is intended to help the newcomer to the field to
pecomplish design work with a minimum of false starts.

The contributors to this handbook re indebted to the Bureau of
Oednance for financial support. The list of acknow ledgments of
helpful advice and eriticism wonld inelnda the followine names: 80 W
Booth, R. .JJ. Burke, A. H. Brickson, R, L. Graumann, A. Lightbody,
and 1. E. Sanford, all of the Naval Ordnance Laboratory staff: and.
N. A. Mueleod, of Old and Barnes, Inc., Pasadena, Calif,

el A B e TR R R e R Sk Sntidraa L e

%2

%

3
4
%
:

%

¥

CONFIDENTIAL iii




T I T

ORDNANCE EXPLOSIVE TRAIN COMFDENTIAL
DES""NER\ HANDBOOK SECURITY INFORMATION

TABLE OF CORIEMTS

g

NS R ISR TR A I LR A
» Pave
Problems of Fxelosiye-loaded Ordnanues Tt
weope of This fHandbook . . [E
Deseription of a Compiete ixpiosive frmn , P

Fuavrnn 2

CHARACTERISTIOS OF EXPLOSIVIE TRAIN MATHRIALS

Section 1 Explo ives o
Prisnary Fxplosives 3
Oxvzon balnnee, 2230 Fxnlowne elmraeteristios, 2230 Friets
sensitivity, Z2-4: Thermal orogeertios 2040 Saeed 000 74 I 0.
onation veloeities, 21,
Priming Mixtures Lo B 2

Increasing -wmhur\ 2.4, Increasing outpyt, 2.9 Loading
binders, 2-9; hnproving cleetrieal conductivits, 2.0,
High Fxplosives. .. 212
Oxygen balaner, 2-12; Booster sensitivity, 2 l . Hrieanee, 2012
Detonation velocities, 2-15; Power, 2-15; !m;mm wensitivity,
2-15; Thermal propertios, 2-15.

Section 2: Common Deiny ane Tguiter Poweders 216
C{Gasters Powders ] oL 216
Gasless igniter, 2-16; F33B, 2-1ih; Z2-3 Luniter, 217 86X furniiter,
2-17
Oaslessdelave, . .. . . L 27
Silicon-red lead igniter, 2-17; Zirconiunenickel delay mixtiures,
2-17: Manganesc-barium chromnte-lead chromate mixtan, 2 17,
HP-25deluy mixture, 2-18: Barisgn peeroxide-sede ninm it are,
" 2-12; Mangane<e-barim chiromate-sulfur mixtiee, 218 Ant-
mony-potassinm permanganate mixture, 212 siliron delny mix-
tures, 2-15: Cobalt delay mixture, 2-12; Black powder, 219,
Black powderfusex, 2-21; Quick-mateh, 2. 21 Fireerncker fuse,
2~22; Safety blasting fiyse, 2-23.
Other Materials Used in Short Delayvs 2
Sormal jead stypbnate, 2-23; Normui lead 2,4-dinitroreso: emnte,
2-23.
Seetion 3: Use and Handling (‘l.\rm'.vri,ﬂiis of F¥plosivee Pruis Mot
rm,n, . Lo
Uier 7 I.nrmwvm GAL Lo .. . . SRS
Loading density, 2-23: Tempersture of explosion, 2-26; Sensi.
tivity to electrostiatie diseharge. 2227 Stabitity of cvplosive
train materials, 2-26; Compatibility of explosive train materinds,
2-30; Solubility of explosives, 2-20, '
Handling  haracteristics v S PR
Beetion 4: Reference. . . . o

e ) CONFIDENT




CONFIDENTIAL  CONTENTS
SECURITY INFORMATION

CHarrr 3
CHARACTERISTICS OF PRIMERS

Section 1 Stab Primers e e e i -
Oenerad Performanee O Immr-!l-n-tx F
Applieations, 3 1; Advantages, 3-1; I)had\anmms. .}~1
Construetion

S -

Primary explosive, .;-—2 ¢ omtrm-nmn mﬂm’\ 2-3.
Effects of Construetion Details on fnput Characteristies .. .. ...
Firing pin shape, 3-3; Firing pin material, 3-5; Disk t}uckncw v,
inpul requirements, 3-6; Kkffect of firing pin veloeity en input
requirements, 3-7.
Fiieet of Loading Teehniques . . _ . . -
Effeet of loading pressure on mpm rcqmrvmcnts. 3-7.
Chitput Characteristios .- e
Etfeet of loading pressure on outpnt, ‘3-—8; Cas volume and im-
piilse measurements, 3-9; Effeet of input on output, 3-9.
Section 20 Percussion Primers_ ... . R S
Ceraeral Perforivance Characteristies_ ... . . e weem
Applieations, 3-10. :
Construction e g S A
General (-hnra(-lr-mnc. .i~ 3: Suitable primary explesives, {-13;
Sealing of percussion fuze primers, 3-14; Metals for coinpo-
nents, 3=14, . : .
FfFeet of Mechanieal Derails on Input Characteristies.. ... . ... ._.
Fitfeet of fring pin eontour, 3-14; Effect of eccentric firing pin
Linwe on sensitivity, 3-15; Fffect of covering between awvil
and charge, 3-15; Effeet of “firing pin velocity, 3-16; Effect of
nnevaluated mechanieal details, 3-18,
bffeet of Loading Pressure on Input Requirements._
Effeer of Amount of Charge on Outpud ... _ ...
FiTect of Amount of Initiating Energy on Output_______ . . __
Fffeet of Loading Pressurcon Oatput. o .l
Seetion 30 Fleetrie Priteers e e -
General Performance Characteristion. ... L aoiooaa. ..
Advantages, 3-23; Limitations and cilsac\'arvtag(' 3~24.
Constraetion. . e im e e e e
General clmrm‘lc-rwm- 3-24; Smmhlo primary cxplesives, 3-—24
Metals for componrents, 3-25. »
Fxminples O P
Tgnition element '.,f th«- c-'qx*rmw ial spray metal type pr:mcr 3-
2. Base eharge of spray metal type primer, 3-26; Electrie Fuze
Privner Mk 112 Mod 0, 3-27; Carbon-bridge type primer, 3-27.
Fiffect. of Rridge Dimensions en Iuput Characteristics of Bridge-
Wire type Primer. o e e e e e
Fifect of wire volume, 3-29; & ﬂ'( «¢t of wire diameter, 3-34; Effect
of wire longth, 3-34.
Etfest of Rate of Energy Input in Bridge-Wire Type Primer. .
Condenser discharge cireuiis, 3-36; Induetive firing eircuits, 3-40;
Constant currend fiving eirenits) 3-40,




ORDNANCE EXPLOSIVE TRAIN CONFIDENTIAL
SEGNERS: HANDSOOK SECLRITY_INFORMATION
Section 3: Eleciric Primers-~Continyed e
Eifert of Difforent Fxplosives i fridge- e Tvp Proner RN
Fiffeet of Loading Pressure in Bridee-Wire Type broner 3 TR
i)vﬁi;ln of Inpet Oh ranteristios for Hradge- Wore 1‘5" Primer 4o
nnplu Characteristies of Carbon-bird ¥ Wy ) : IR
General, 3-50; Etfecr of il e, VoRATeer of Bl enain,
3-51: Effect of rate of energy g :ut 3 58t
Output Charscierixties NS
Section 4: References. : . . . _ 353
Ciagran 4
CH.OHACTERISTION OF DETONATORS,
Section 1: Flash Deto: ators_. .. .. . _ B S
General Performance C lmmrwmum . .. 11
’ - Advantages, 4~1; Limitaticn: 4.1,
Construetion. ... .. ..o e, R, S 2
Genera! characteristios, 4-2; ’m-:mbm primary r-mlmmw 4-2;
Metals for components, -2, ,
Examples of Flash-type Iretonstors .. ... .. . ..., . 1.2
Input Characteristics . . _ .. .. %3
Effect of type of closurf- on wnﬂ!ui!v 3 5 !'ITr-rt u! srnuilive
end explosive on senaitivity, 4-3
Qutput Characteristies. . _.._.. ... .. ...._... e e § -6
Effect of amnount of ctplmiw on mnpuh ns moa.-um«i |n rl.v nm-d
bomb, 4-7; Effeet of amount of sxnlosive on outpsid Az ineas-
-ured by the copper block test, 4--7,
Section 2: Stab Detonators_ . ... ... .. ... ... ... ... ..... .. .. +8
General Performance Characteristies . .. ... . . T
Advantages, 4-8; Limitations, 1-8,
Construction... .._..... .. . v . . - 1-%
Suitable explo«nvn mmpnm-nu . -{b \in al« t'or r'mnpqnfvnw 49,
Examples of 8t2b Type Detonators. ... . . .. . R R
Input Characteristics. .. ... --‘ ............ S ]
. Effect of mechanical details, 4~10; Effect o m!lng ;mmur-- an
input reguirements, 4-10,
Output Characteristi~s. . ____ . ... ... ....... 112
Effect of amount of base chamﬂ on output, 4— Hh*rt nf m[mt
energy on output, 4-i4.
Sectioh 3: Electric Detonators. . ... e I RS K

Geuera] Performance Ch&ructcnquc-‘_-- e i B K R
Advanmges, 4-15; Lix-nmhonﬂ and dnmdvmntazm ‘l—la
\U"‘)bl’llbuuﬂ ....... R S R e e s
General, 4-16; Suitable «-xplomwm for the !y,nition e!mucnl i lh
Intarmerilnto charge materials, 4-17; Base charge explosives,
4-17; Metals for components, 417,

Fxnmnlas of Flaoteie Detoantor H I sl

E‘ﬂc'ﬂc Detonator Mk 46 Mod 9, 4-17; Lluctm I)vhnmtur Mk ..!
Mod 0, 4-18; Army Eleetric Detonator M348, 4-18.
Inpat Cheracterintion. . . ERE

—
.




CONFIDENTIAL,

SECURITY INFORMATION

11
Lw
d
\

Sertion 3: Electric D:‘!nn:‘.mrq——Contin:,:{ad
Output Characterisvies.  ___ . L -
General, $-20; Igmtmn P'mnn]}*zt to intermediate chargf- 4-20.
Intermedinte charge to hase rhar:z(* 4-21.
Section 4 References . i

)—‘ A NT TN Al LA %4 Ye¥ vve Trw ey
D S VI AN ¥ Dr,Ln 1 ru;nwflﬂ-\ i3

Section 1 Black Powder Delay I',lomo/ sfe

tiensead . . L L. . ,1; _________________________________ 52
Ghturated culmnn tvpo, 52  Vented column tvpc .)—12 Ring
tone delays, 5-13; Pn-cmrd ‘1}';)(‘ delays, 5-13.
Construction of ¢ ompont-r:ts _____ i b e e e et 518
Delay body, 5-18- Pellet con‘ tructmn and loading, 5-20; Venting
arrangements, 5-21; Pellet: mxpport 5~23; Primer hoider, 5-25;
Primer, 527, Pmng pin, 5 +:28; Baffle, a—29, Relay detonaiors,
5-30. i )
Design Factors. . . ____ .. e 5-32
Size of components, 5-32; Dlamcter of powder column, 5—32
Diameter of delay hody, ’r‘ “32; Length of black powder eolum
5-32; Size of expansion ch) lmber, 5-32; Size of baffle, 5-33; Slze

of relay detonators, 5-23.; |

Effect of moisture content/of black pewder, 5-34: Effect of type

of pmulor 5-28; Effect o) prlmer output, 5-38; Effect of volume

of expansion Lhnmber 5 6 G; Effeet of temperature, 5-39; Effect

of pressure dwell, 5-45; »ﬂ’oct of loadmg pressure, 5-47; Effect
of size of increment, 5 4id, :
Section 2: Gasless Delay Fiements_ o oo _________.____ . 549
Obturated Delay Element Assemblies. o . _______________.___ 5-50

Flectrie delay fuze primers, Mks 115, 116, and 117, 5-50; Electriz

Delay Detenator Mk 35 Mod 1, 5-51; Experimental percussion

delay detonator, 5~51. ~

Non-obturated Gasless Delay Element Assemblies. ... _______. 5-53

Design of Gasless Delay Elements_ (... . e v-- 5-54
Burning Rate of Gasless Delay Powder

The Dexign of the Delay Column. .o .. __.....
Section 3: Other Delay Elements o . L oL .. ...

&~Ml!hm~vond Lead Styphnate Delay. ...

250-\’vlhhwoml Nitrostarch Delay. . .

Heetion: 4: Tntegral Delay I’rmwr« and Detonators. .. __ . e mdmmeme 5-59
e tion .). References. . o e e e R, e 561

L P Cuavter 6

CU .+ CHARACTERISTICS OF LEADS
bi‘i?f‘-v!:iti‘un } :h':uv!ml .
o Detivition of & Lead
Purpoze of n Lead

CIONF JF?\ H AL

IR PR T L

Effects of Variables on Burning me of Delay Flements_ .- _ e 533

RGBS SO MR TGS § | e




R o

.

i B AT BT st st -

NANCE EXPLOSIVE TRAIN CONFIDENTIAL
gé?GNERa HANDBOOK  SECURITY INFORMATION

Farn
Section 2: Construrtion. - .

Ma{vrm?,..-..- - o3

2 LU : ; - v

Control of Dusting or Flaking of beads Y 6ot

Allowabie Gaps Air, Metal, ereo _ - . 'i' _
Section 3: Types of leads. . , , . T

Cup-type Tead. | - _ - t 5

Army lead eup dmwn -5 Nawy lead cap design, 66,

Nou-cup Type Leads : ‘. ',‘
Yection 4: Loading Technigues. .. . . L S
Sectinn 5: An Actual Firing Train ﬂouu.,n . e ) -4
Section 6: References. .. . . ... ... e e 614

Cuaerren 7
CHARACTERISTIOS OF BOOSTERS
Section 1: Booster Constraction, . . R
General Considerstions, . e Tl
Current Practice . . e ris
Materials, 7— lxmdma, 72 -\ﬂ(“'llhh‘ mmhm!a 7-2: Booster
shape, 7-5; Confinement and mounting, 7-7.
Section 2: Booster Sensitivity. ... . 70

Effect of Baoster !mplmnf' on ‘w'mm\lu 7-10
FEffect of Phyvical Form of Boostar P:plvw\'«- on N-u«m'mv_ 71
Effect of Boostor Density on Sensitivicy | . -1
Effect of Booster Explosive Granulation on W-xwitivil_\- T3
Effect of Booster Shape and Confinernent 714
Variation of Sensitivity with Temperatuge . I T~04
Contral of Booster Sensitivits .. . e o R £ B |
Section 3: Booster Cutput.._ .. . : 714
General Consiilde ratu;nq“ Lo RN . e 715
Factors Affecting Booster ()ut;m B T

Effect of booster size, 7-21: Bmwwr compomition and density,

7-22; Booster shape, 7-22; Booster confinemont, 7-24: Granvila-

tiou of booster explosive, 7- 24;- Ambient tempernture, 7-24,

Miscellancous Factors Affecting the Transmission of Booxter Cuiput
to the Main Charge... ... . .. . ... e .. . 7-21

Booster position, 7-24; Separation nf lmmtvr fmm main vlmrw

: 7-24,
Seetion 4: Referenees. ... .. ... .. . -2
CHarrer 8
INTERACTION OF EXPLOSIVE TRAIN COMPONENTS

Section 1: The Initiation of Delays. ) i 81
CGeneral L o e e . Nt
Fremples. ... .. .. . e . 8-1
Design Variabies_ ..o ... . 8!

Reliable - initiation of Liw (it-lu\ .‘4~2 !’rn!c-r'um, 'iw rimm ;::flh't
from  particle . impingement, - 2; Preventing the pressure
disruption of the eolurin, §-2

R




CONFEDENTIAL

SECURITY INFORMATION

Section 1: The Initiation of Delays-~Continued
Test. Procedures. .. ..

Relinbility of initiation of the delay column, 8-2; Reproducibility
" of the delay time, 8-3.

Section 2: The Initiation of Flash Detonators___ ... _____.. ..
(reneral . _ ...
E:\'ﬁil'lpkfﬁ__ J
Design Variabies e e

H'pat.ial armngcmmns, 8-7; Confinement, 8-7.

@
]

5 @) QO
TEES

General ‘(‘mwiderations ____________________________________________
Air Gaps Between Donor and Acceptor
Diameter effects, 8-18; Length effects 8-19; Effects of varmtxons
of explosive materials, 8-25; Density effects, 8-25; Particle-size
eflects, 8-26; Confinement effects, 8-27.
Transverse Displacement | . 8-30
Barriers. .. 8-32
Shaped Charge Effects 8-33
Section 4: References . e mmememcc—eoa 8-37.

CHarteEr 9

MEASUREMENT TECHNIQUES

Section I: Sensitivity Measurements »
Initistors of Booster-type Explosives (Detonators) .. ..._ e
Siab deionators, 9-4; Eleciric detonaters, $-7; Flasit detonators,
6-12.
Initistors of Primary Explosives and Pyrotechnics (Primers)
Stab primers, 9-17; Percussion primers, 9-21; Electric primers,
9-27.
General Remarks on Sensitivity Tests oL . ___ el
Seetion 2: Qutput Tests L o Lo
Initintors of Booster-type Explosives (Detonators and Leads)
Stab detonators, 9-31; Electric detonators, 9-31; Flash detona-
tors, 9-33; Recent detonator tests, 9-33.
Initiators of Pyuonry Srplosives and Pyroteehnies (Primers)
Kuab primiers, 9-42; Pe.cussion primers, 9-44; Electric primers,
949,
Miscellancous Safety nnd Output Tests
Section 3: Refetences

CHAPTER 10

LOADING

Section 1: Design Factors That Affeci Loading Plant Operations.._. - ...
Segregation of the Correct Amount of Charge. el e
Charging and Consolidating the Xxplosive into the Cavity 'f'o Be

Loadet] . o im—ae
Reeuring the Charge. oo oo ieeiean S,
Standardization




i
i
A

Srnmm

. - . A 10 £OMITITE DTS A
ORDNANCE EXPLOSIVE TRAIN CONEIDENTIAL
DESIGNERS' HANGROOQK SECURITY INFORMATION

Pags
Section 2: Dexign of Toola and Hauipment for Loading Lo i
Cmr.emt Considerstions. ... ... ... . ‘ I
Dimensionai {olemaoes, 10~3; Loading proweures, 1004 Flnoh of
surfaces, 10—t Corners anad joints, 004,
6.7

Loading for Fxperimenial Purposes, .. | . L ..

Fuzes. 10-5; Leads and bomters, 107 Fuze plungers, 1049, {ias-

less delay elements, 10-14; Buack powder delay rlements, 1012,
Electric primers znd detonators, 10-12,

Tosding for Produetion. ... . .. _ . ... ... .. N 16 2 4
Production-line twiquuv 1(}-—1;5' Hand loading toois, 10-16-

Chaigepiate method, 10-17; Wet joading technique, §0D-37;
Jones muchine, 10~20; Loading of leads, 10-22: Loading of
boosiers, 10-24; Londing of black powder delay elements, 10-24;
Loading of gasless delay elements, 10-24,
Methods of Segregating the Correct Quantity of Materinl ... .. 10 24
8ection 3: References. . . L ‘ - _ 10 24

GLOSSARY

Glossary of Terms Used in Orduance Train Explosive Design. ... . . G}

INDEN
InumoftheHandbook-.--.. 11
= Y NN FS oy §° s @
CONFIDENTIAL

S s o 2 < - . s . e




CONFIDENTIAL

SECURITY iNFGRMAT!ON

CONTENTS

Figurn

—
—

R O
Ve WK e WY

R N R I

.
P
sl

Ve e W= W
X ~1

-~
.
-

A A ae e

-
s
-
S

3-12

3-13
3-14
3-1H
3-16

L322

3--23

Lis (Jr JILLUSTRATIONS

dase Fuze Mk 21, Assembled Position.  Sectional View. o __ ...
Base ¥uze Mk Zi, Firing Position,  Sectional View ..o _._
Mercury Folminate, Density vs. Detonation Yeloeity . oo ...
FLead Azide, Density vs, Detonation Veloeity ..o . ... _.__
Lead Styphnate, Density vs. Detonation Veloeity . oo ... ...
Diazo Dinitrophenol, Density vs. Detonation Veloeity._ - o ... ___
Effeet of Moisture on Ignitability of Black Powder. _ .. _____.:__

er T HAa Yoo TV cilbes
!,‘Iv).!.l!!!!’l_{’ 1 rENRILY

Firing }’m fmm Itnlmn Amrnumtxon __________________________
Mk 102 Type Primer, Disk Thickness vs, Sensitivity . __._.__
Primer Mk 102 Sensitivity Tests with Standard Navy Test Firing
Pin. Plot of Impact Velocity vs. Total Energy Required for 100
Percent Firing. . _ . e e e

Pritner Mk 101 Mod ()-.. e e e et a .

Primer Mk 105 Mod 0. . . L eimimaaa
Primer Mk 106 Mod 0__.. ___._. IO
Primer M29 . e e
New No. 4 Primer (Percussion) - oo oo i . e rmm——————
The Effect of Impact Veloeity on the Energy Required to Fire 25
Conxeentive Samples_ oo el e
Fffect, of Charge Weight on Output Charact,enstms of Modified
Navy Primer Mk 101 Assembled with Shortened Copper Sealing
Cups. OS 866 Priming Mixture. o ... Lo ...
itfeet of Charge Weight on Output Characteristies of Primers Mk
101 Assembled with Shortened Copper Sealing Cups. Experi-
menial Stvphnate rnmmg Mixture No. 17 el
Fxperitaental Spray Metal Eleetric Primer. __ ... ... ... ... .
Filectrie Faze Primer Mk 812 Mod O o oo .o oooolll
Fiectrie Faze Primer Mk 121 e
Helationship Between Wire Diameter and Resistance per Unit
Length for Tungsten Wire Bridge. .o o ..o
Relationship Between Wire Diameter and Resistance por Unit
Length for Tophet-C Wire Bridge. _ - . ..o oot
Effect of Bridge Wire Volume on Tnput Characteristics of Tungsten
Wire Plus Lead Styphnate.  14-20 Volt Firing Potential . . _._._
Effect of Bridge Wire Volume on Input Characteristics of Tophet-C

Wire Pius Lead Styphnate. 14-20 Volt Firing Potential . ___. -

Fnergy Requirement vs. Bridge Wire Diameter for Spray Metal
Bridged Eirotric Initiators, Bridge Metal, Tungsten____.___..
Capacitarce Required for 50 Percent Firing vs. Fotentisl for Electric
Initintors with Tungsten Wire of Various Diameters. Flash
~Charge, Lead Styphnate. oo ooooooeie oo -
Fiffect of Time of Energy Input on the Firing Energy. Tungsten
Wire 0.030 Inch Long with Lead Styphnate.... . .. ...
JiMect of Time of Energy Tiiput on Required Energy for 80 T’ercent
 Firing. Tungsten Wire with Lead Styphnate.... . ... N

15

2-6
2-7
2-8
2-22
2-25
3-4
3-5
3-6

3-7
3-11
311
312 .
3-12
3-13

3~-17

3-32
3-33

3-356

3-37

3-38




NS ey

EXPLOSIVE TRAIN CONFIDENTIA
E?EKS?ENAE;SCEHANDOSOOK SECURITY !NFORMAI&_)g,

P2
Vigues y s B .y errent Fitine
3.24  Fffeet of Potential on Hepord Frersgo for 509 Pervent Firdag,
L3 I Ve L a .
T: inmeien Wire ] 1
¢ Fpegryirmgisl £° arae faog ) .E'l"\t ht
3.95%  Effect of Time of Baerey Input o Hegureed L...»:, \ ML ot
RSSO : \ : s .
Firing. Flertnie Fuse Prime Mk 112

3-26 Euergy Keguirements v Pulss Decay Tine, Erergys Hefereed
to Short Period Value o P iuinnie Loadiog Vannables, ee

N 3 .
Between Hatches . 3t
3-27 Tercent of Primers Firing vs, {orrenr input, 1) ﬁ!bﬁ! fueh I hameter
LY a Y | ) R
“Tungs*en Wire with Lvad St phonte T AR
3-2%  Fereent of Primera Firing vs, U rrent Input, Q004 Trich Dhameter
Tophet-C' Wire with !Mf! Stvphnusts B4
3-20  Pereent of Primers MR 112 Firing ve Current ln;mt o 3 %4
- - »
530 Variation of Firing Current with Wire Diameter. Spursy Metal

Primers Using Tungsten Wine with faead Styphnate F mh ( Ymrw* 345
331 Effect of Loading Pressure oi the Fuergy Regared 1 Fiee Xpray

Metal Primers L. 34
3-32 L('m{th-—l)imu"u'rcR"*i-!'mvv' fo- 100-Fry Prooers Using Tungsten

Wire and Lead Stvplinate R 1
3-33  Length-Diameter-Resistanee for 1000-Fee Prinners Using 3 lilu{uwu

Wire and Lead Stvphnate , : . B A A
334 Lengih Diameter-Resistance for 3000-Fry Primers Using Tophet-(*

Wire 2! Lead Styphnate 3 49
3-35 Effect of Dag Concentration on Firing of Carbon Hr!t!gr Primers 3 52
+1  Examples of Flash Type IDetanators ‘ 13
4-2  Two General Types of Stah Ditonators . LI 1Y
43 Effect of Leading Pressure on the Sensitivity of M'nrl Aziefe Pring.

ing Mixture, Test Set Mk 136, 2-Ounee Ball R 2 4
44 Effect of Loading Pressurr oy the Sensitivity of NOIL No. ijo

Priming Mixtur., Text 8ct Mk 136, 2- ()mm« Rall, 413
+5  Fleetrie Detonator Mk 46 Mod 0 __ 4 I8
46 Electrie Detonator Mk 51 Mod 0 e e 119
+-7  Army Eleetric Detonator M36_ . , 410

=1 Various Types of Delay Ele rn-~uis~ aud 1)¢~Im .. K

NS )
T2 Delay Type: Columng; Obturated; With Raflle,  (Shown in Fir
ing Position).
Time:.0.033 (40, 005) Second.
Loading: 0.05 Gram A-3 Black Pow der, Loaded 3 Fiace in Single
Increment at 81,000 DS,

Application: Navy Banc Betonating Fuze \lk 21 Mod 1 BuOrd
meinz 225563 ...

34
52 Delay Type: Column; ()htumml \\ nnmn Hamn
: Time: 0: 33 (-*-0 05—0.02) Second,
Load!mz 0.09 Gram 1>-55 Black Pt-ut!q-“ Louded in Place in
2 Egual Incremenis et 65,000 pa.
Application: Navy Bomb Fuzes Mk XXI Mod 2 and Mk XN
Mod 2. BuOrd Drawings 234553 end 234554 . 54
~4  Delay Pype: Colump: Obturatet]; Withi HafMe,
Time: 0,010 (49.002 — —0.0015) Second,
Loading: 0.025 Gram Meal I Black I’m\dvr, Loaded in Place iy
Single Increment st 65 00D pai,
xi CONFIDENTIAL |

[ e




CONFIDENTIAL
SECURITY iNFORMATION ' CONITEN

Figure Paze

App!imtin Navy i%u‘nb Fuzes Mk 22! and Mk 223 BuOrd

s |
1

Delay l‘_vpo, (,.olumn, ()l)mrated, Withetit, Raflle,
Time: 0.010 Sceond.
Loading: 0.0565 Grsm A-5 Black Powder, Loaded in I'lace in
Single Inerement at 60,000 psi.
Application: Army Base Detonating Fuze M88.
Army Oridnance Drawing 73-2-181_ . . oo .-- 7
h-h Dielay Tyne: Column; Obtorated: Without RafHe,
Time:
0.010 Second.
0.025 Second.
0.100 Second.
Loading:
0.005 Gram A--5 Black Powder.
613 Gram A 5 Biack Powder,
~.066 Gram A-5 Black Powder.
Eacl Loaded in Place in Single Increment at 60,000 psi.
Applieation: Army Bomb Fuze AN-MI100A2.
Army Ordnance Drawing 73-8-3 . . ... .-. 5-8
5 7 Delay Type: Column; Obturated; With Baflle,
Time:
0.05 Second.
.15 Second.
Loading:
0.033 Gram A-5 Black Powder.
048 Gram Black Powder (Approx. 80 Percent Slow Burning
Black Powder and 20 Percent Fuze Powder Type 1.
Iach Loaded in Place in ‘smgle Inerement at 60,000 psi.
Application:
Army Point Detonating Fuze M48AZ2.
Army Ordnance Drawing 73-2-145A_ . . . ___.__ 5-9
5-8&  Delay Tvpe: Column; Obturated; Without Baiiie,
Time: 0.04 t¢ 0.05 Second.
Load...g: 0.032 Gram A~5 Biack Powder, Loaded in Place in
Single Increment at 125,000 psi.
Application:
Army Base Detonating Fuze MGO v
Army Ordnance Drawing 78-2-165-. . ... . ... ... ... 5-10
5-9  Delay Type: Column; Obturated; With Baffie.
Time: 0.010 (+4-0.003-—-0.004) Second.
Loading: 0.031 Gram A-5 Black Powder, Londed in Placz in
~ Single Increment at 73,000 psi.
Apphcmion
Navy Base Dcwnatmg Fuze Mk 19.
: BuOrd Drawing 206213... .. oo 511
5-10 - Deley Type: Column; Obturaied; Without Baffle. :
Tine: 0.25 Second.
Loading: 9.111 Gram D-55 Black Powder, Loaded in Place in 3
" Equal Increments at 65,000 psi.

-

\x":s'i;t o

NrIDENTIAL xii

B O

PN o ity G s s ot




Application: Experimental (NF3-Hy NOL Suetel: ?0"»3‘)‘ N
11 Delay Type: Ring or Train; Veuted; Withont Batlle,
Time: Selective; 1 to 21 Seennils,
Loading
Upper Ring- :
fower R ’
A7 Black Powder. Leaded in Place in Single Increment at
68,000 psi. »
Applieation: Army Artillery Fuze 198 Vintage Arnny Ordnance
Drawing 73-3-114. ... .. ... : - . AR £ |
512 Delay Type: Pressuce; Vented; \\uh Bafﬂn.
Time: 0.001 to A& .Secmul
Loading: Coi3 Cimmz ~~3 Black Powder, Lended in Place in
Single Increment at 4,000 pat.
Application: British Point Detonating Fuze, NOL Experimgental
Version NOL Sketch 70008 . ... 516
513 Delay Tvpe: Pressure; Vented; Wiun Ba‘iﬂr.
Time: 0.002 1o 0.006 Second. _
Loading: 0.673 Gram A-5 Mack Powder, Loeaded in Place in
Single Increment at 5,000 psi.
Applicazion: Navy Experimental Rocket Fuze, NCI Sketeh

~

@ &

*
L 183

L O U ST S
514 Some Pertinent Design Pvntmt-« nf Colutnn Type Dmav hodv 519
515 Typical Loading Tool. R . ; 520
516 Position of Acc»‘n‘*&tmg ( avity in ( nlumn I'vpc- ()btnmu-d l)vmv H
517 Step Tvpe Loading Ram .. ___. ... ... e e 521
18 Two Methodsz of SBenling the Yent . __ .. __.___ . .. __....... hH-22

i~19  Burning Time vs. Temperature, Solder Senled Vcnt in I)chw | lp-

520 Buring Time va. Temperature, Unsealed Vent in Delay Hemom

7.78econds Delay. ... e 5-24

721 Burning Time vz. Volume of Exhaust Chamber. ... . .. 525

5-22 Pellet Supporta. ... ... .. . .. 526

5-23 Primer Holder Detail . ... . .. R . N1

- 524 Two Typesof Primers. ... ... . ... . . .. ... vame.. 0 2R

- 8-25  Control of Firing Pin Penetration........ ... ... .. ... &2

§ 5-26 Two Typesof Bafles. _ ... ____.__. ... ... ....... e an - 530

§ 527 A Relay Detonator Design._ . ... ... .. ... ... .. ... 5HM

i 28 Buming Time vs. Moisture, 0.010 8econd Obturated I)elm' !-, mm-nl o34
'1 5-29 Burning Time va. Moisture, 0.25 +.025 Second Obturated Delay

S ¥ Elemieni ... _.___ e e e e e Y
i 5-30 Burning Time vs. M foisture with and Without l)wwmtmn 0.033

i : Becond Obtursted Biack Powder Delay Element_ . ... 537
; %‘ ‘ © b8t Buming Time va. Volume of Fxpatvion Chamber, 0.25 5.4 0.025

CE r Becond Obturated Delay Flenent. . ... Sievn DB
i 5-82 Burn!ng Time vs. Temperature; 0.004 éwcumi uvluv Eim,.:n!'_-

4 Pressure Type....._. .. ... ..__.. ... B B ¥
i 5-38 Burning Time va. Temperature; 0.010 ‘wm (i Dvlny Fiement,

. OBbarabed L L ham
634 Burning Time vs. Tempersture; 6.25 Second Delpr B iunwut

Obturated ... _____ . ... .. T A A

Erw LUNriLENI AL




ENTIAL
TY INFORMAT

Web of 0.010 Second Delay Fellot

Loading Pressurc vs. Burning Time, 0.010+0.003—0.00¢ Second
Obturated Delay Flement . _ . . .-
Loading Pressure vs. Burning Time, 0.25 £0.023 Secondi Obturated

Second Umuran»d Delay F
Electrie Delay Fuze Primer
Eleetrie Delay Detonator Mk 35 Mod 1. Ceneral Arrangemens_ _

Four to Six

.v! k ll:). CGencral Armngement__, -

Second Experimental Obtur . .1 Percussion Delay

Detonator. ... ... ...

Typical 4-5 Second Nenobturated Delay ... ... __._____
Experimental Electrie Delay Primer. General Arrangement__ ..
Flame Initiated 0.10 Second Flash Delay Detonator. Generzai

Arrangement

Stab, Initiated 0.02 hm‘ond Delay Detonator. ieneral Arrange-

i-out and Lead-in in the Firing Train. Armed

Locaiion of a Lead in the Firing Train. ... . . __ ... _._...
A Prefianged Lead Cup Used by the Army. .. ... .. __._...
Army Lead Cup Inserted in Fuze Bulkhead. ... ...  ____._. .
Lead Cup Placed in Fuze Bulkhead, Then Flanged . - ... -___._

Noncup Type Lead

of the ead Hole . . _ .. . .. _....
An Actual Design of a Firing Train of a Fuze Drawn to Scale ...
Dimensions and Tolerances of the Lead Holes, Lead Cup, and Re-

Iated Parts of the Firing Train of the Fuze Shown in Figure 6-8..

Seoring of the W

Booster Pellet, Tetryvl

Pooster A-u.omhlv for Base Detonating Fuze Mk 21 Type..__.._.
Base Detonating Fuze Mk 28 Type, Assembled te 5 Inch A. A. C.

Booster Assembly for Base Detonating Fuze M60 Type......_..

Booster Assembly for Auxiliary Detonating Fuze Mk 44._______
‘Booster Assembly for Bomb Fuze AN-M103A1.______._. iemes
Gap Test Arrangement .. .. . llieaaaian-
Critical Gap Lengths (Inches) for Several Explosives as a Function

of Percent Voids.

Pressure Profile of a Detonation Wave Occurring in a Charge of

Finite Kxtent

Profile of the Dc-tonatxon Wave of a Cylindrical Boester of Very
Large Diameter Crossing the Boundary of a Cylindrical Main

- Charge of Equal Diameter

Obtained When o Charge is Initisted at 2 Point™
on its SUrfRee . .. e i dee e e—————a
l)ctonatlon Wave in a Booster Initiating a Much Larger Main

Detonation Wave

VT Charge Cast in the Form of a Block L
and Initiated Along One Leg. oo oo oL

Detonation Wave ip a Booster Whese Diameter is Large Com-

Reaction Zone Length of the Main Charge_ . __.._

I)a-tnnmimx Wave ina I'N

pared to the




e o e A T AT €20 T

* ORDNANCE EXPLOSIVE TRAIN CONFIDENTIAL
DESIGMERS’ HANDBOOK SECLRITY INFORMATION

f-‘;gu:\s Fhige
7-15  Completely t!crual Booster _. <o S ¢
7-16 Variation of Plate Dent with Pc-ll-»' I‘am- N 7

81  Flash Detonator Initiation in Base [stonating Fuae \ik :3'& % |
82  Delnw-Detonator Armngement Used in Base Dvtonaling Fusfe MAAAY A
8-3 Initiation of a Detonntor Over a Long Gap as Used in Point

Detonating Fuze MATAS LS
f-4  Laxperimental Modifications of Hztmm'm ME N . w N
&5 Test Fixture Asaembiy for Determsining Optimam Viring Channel
Diameter for Primer MK 1135 . % O
.6 Optimum Firing Channel Diameter for Prioer M 1120 ; L3R
8-7  Donor and Aceeptor Charges Highiv Confined in Metal Hodis % 15
88  Critieal Gap a< a Function of Column [lameter S16
8-9  Critieal Axial Air Gaps Arross Which Detenation s ’rmwnutlml
Between Lead Azide and Teteyl 817
810 Minimum Priming Charge and Gap for Cnieal Poopagation v,
Impact Sensitivity : : R-18
B-11  Part A, Critical Gap as a Function of Density:  0.200 Ineh
IMemeter Lead Azide Donors, 0100 Inch and 0200 I
Diavweier Teiryi Acerptors, See fart 85 . . . | % 20
8-11  Prart B, (ritical Gap as & Function of Density,  See Part A N2
8-i2 Pari A. Critical Gap ax a Function of Density: 0.100 Diagieter
Lead Azide Donors, 0.100 Inch and 0.200 Tuch INameter Tetrs
Acceptors. See Part B _ o ) A 71
812 Part B. Critical Gap as s !-n-w!um of Tronsi Ses Part A %23
8-13 Arrangement Used in Lead to Booster F \pc-rmwm- . %24
8-14  Arrangement of Donor and Aceeptor in the Trapavers I)m»lam--
ment Teata .. | . Ce e . %30
8-15 Initiation Properties o{ the Explosive - Across Transverse [a-
piscement and Axial Air Gaps. .. . . . K31

8-16  Acceptor Initiated by Metal-Borne Shock rmm ()ul-of-l.mv Dmmr s 32
8-17 Diagram of Experiments on the Propagation of Detonation from

Shaped Charge Initiators.. . . % 3

9-1 Test Set Mk 136 Mod 0 for Stab Primers nnd ‘\mh !hmnnmm 95
8-2  Firing Time ve. Drop Height for Stab Detonator . o B o
9-3  Electric Primer and Detonator Test K Wquipment . 010
-4 Bafety Firing Charmber for Electric Primmers A ) I
9-5  Detail of Interlock Switeh for Safeiy Firing Chawmber. 911
%-6  Initiation of Flash Scnsitive Charges by Varying Primer Londs. 9 14
- Flash Detonator Tester, Front View Test 8ot Mk 174 Mod 0 036
"Oxy-Hydrogen Flash Detonater Tester MK 174 Mot 00 ... . % I8
Bensitivity Teets of Detongtor Mk 20 ‘  §is

0 Firing Time vs. Drop Height, Stab Primers Mk 102 e .. 20
‘TNL Set Mk 135 Mod 0 for Pereussion Primers._. 022
‘Test Set Mk 173 Mod 0 for Percussion l’nm--na RO (B £

ook Dingram of 7 iming Faquipment., . PR B 8¢
Typical Exverimenta! Results, Fiting ¥ it v, !)mp Height of '
+-Ounce Sphere.  Typieal Fuze I’lmwr. Mrrvury Fulminste

‘ Mixture . . N I A
-9~15 . Detail of qul l)wk \Iommng RBelow D:-mnmvrr in !’!aatw Huf'l(- 032
" Ll
B-16 Tapered Hopkinson Bar for Hadial Prosunre Todta, . A L1 3
817 Hopkinson 3ar for Lengitudinal Pressure Tests .. . 385
xvi CONFIDEMTIAL

Dol S Not L T

L

2

[ e S N

%

-~




CONFIDE NT?AL

SECURITY INFORMATION CONTENTS
Figure ) Page
O-1%  Hopkincon Pressiure Bar Modified for Dircet Velocity Measurement
on Timepicee . ... . 9-36
919 Propesed Dmakn of I’rnwurr- Bar Tester, General Arrangement.  9-37
% 20 Experimental Madel of Simplified Hopkinson Bar.  Spherical
Pendulum Bob Driven Direetly by Bar_ . __.____ . ____.__. g-38
9 21  Stauchapparet, Assembled .. . . . . e e ia o 940
322 Stauchaoparat, Without Protoctno thndcr _______ il 9-41
D23 Test Set Mk 175 Mod 0. ... ____ B U 9-43
024 Text Seb Mk 172 Mad 1, for Percussion, Siab; and Bleciric Primers. 945
025 Test Set. Mk 120 Mod 0 (Primuer Pressure Bomb Apparatus)_..._ €50
0 1 Experimental Hand Loading Tool for Detonstors. Sectional View_.  10-5
102 Experimentai Hand Loading Tool for Detongtors. Ram and Ram
Guide Removed .. ... ... et 106
10 3 Primer Loading Tool for Mk If)i i\.m- P rimer, n(‘f'tl()!‘ﬂl View._. 10-8
10 1 Primer Loading Tool for Mk 101 Type Primer. ... .. ... . ... 10-7
10-5  Hand Loading Tool for Jeads. Sectionst View_ ______ . _____._ 10~7
10--6 fand Loading Tool for Leads_ . _ ... ... .. .____.._. 10-8
10 7 Hand Loating Tool for Boosters. Sectional View____._.______. 10-8
10 % iand Loading Tool for Boosters.__ ... ____..._..._. e 10-9
100 Tool for Asseinbling Detonator into P'ungor ..................... 10-10
10 10 Tool fir Loading Tetry]l Relay Charge Directly into Plunger___.. 10-11
10-11  Tuol for Experitmental Loading of Black Powder Delays. Sectional
CONICW e e 1012
012 Tool for b, \pf-nm(-n.a! L(mrlmg of Black Powder Dela}s ......... 10-13
1013 Tool for Production Loading of Black Powder Delay Element.
Sectionnl View . o e 10-14
10--14 Tool for l’rmluctmn Lnathng nf Black I’m\dnr Delay Element___ 10-14
10-15  Loading Tool for Detonator. ... __ .. ... _. e e 10-15
16-16  Crimping Tool for Detonator. . __ .. . ... ... _...... . 10-16
1017 Pritmer Charge Trausfer Operation. ... . ... ______.__. 10-18
10-18  Primer Wet-Loading Tool, Semi- Pmdmtnon Type. Sectlonal View. 10-19
10-19 . Primer Wet-Loading Tool, Semi-Production Type_ ... ___._.___ 10-20
10-20  Semi-Antomatic Detonator Loading Machine. . _____________.__ 10-21
1021 Nequence of Operations, Semi-Automatic Detonator Loading
Machine .. . e e 10-22
10-22 . Aatomatic l’e!!e%ing !a lm:.- _______________ . S, 10-23
10-23  Balance for Weighing Small Charges .. . ... ... .... 15-25
LIST OF TABLES
Table’ .
21 Physieal Properties of Primary Explosives. (.. oo o ___ .. .. 2-2
2-2 cxplosive Characteristios of Primary Explosives_ o .o L. .. 2--3
2-3 U, 8. Army sod Navy Priming Mixtures_____ S feee- 2-10
21 Physical Properties of High ISxplosives._ ... ... .__........._... 2-13
2-5 . Explosivé Characterigties of High Explosives..__ . _____________. 2-14
2-6 . Gramdgtion of Black Powder_ ... L il l_iiii.. 2720
2-7  Combugtion of Black Powder. ... .. .. L. ..., 2-21
2-%  Burning Specifications for uukmatt'h ....................... aan 222
2-0  Leading Density of Pxplosives_ . ... ... . ___._.. 2-24
2410 Effect of Loading Pressure on the ])csmt}. of Girade A Black I‘m‘ der.,  2-24
211 Explosion Temperature (o0 o0 oo oL a.. 2227
CONFIDENTIAL xvii

2AIE02 B 2




‘  EXPLOSIVE TRAIN - CONFIDENT
rga%?gb’!ngHANDBOOK SECURITY INFORMATION

V

A&

L.

tabie
212
218
2-14

2-15
2~16
3-1
3-2

3-3
34

35

3-6

4“6

51

z

Qltl
&3

=
i
<

J
-

R ‘:t" !
|
b4 )

SR Q."
s )

M
»

Ny

El et’tﬁ)ﬂt&ﬁc SBensitivity of Primary Pxrplonives,
Stahiiity of Explosives .
Compaxﬁnhh of Explosive Mate 'rmh in the Presencs uf \Iutmhxn

Solubility of Explosives in Some Common Solvents

tiandling Characteristies of Explosive Treain Matenials o .. ..

Compositions of Some of the Meore Sensitive 8taly Priming Miztunes

Sensitivities and Outputs of Some of the dMare Sensitivs Stab Prim.
ing Mixtures.. . . .. C L

Mk 102 Type Priger, I? 1~k "’hu'}rnvw v, *an-«lt:'«z’v

Effect of Loading Pressure on Res ativity of NOJ, !’mnma \huun
No. 130 Toaded into Mk 102 Mod V Primer Cups . | .

Effect of Loading Pressure on Output of Priming Mivtures U m:d in
Stab Primers . . AU

Effect of ‘\oalmg Cup H-m!mw on the Rensitivity of Percisaion
iruncrs--...,” . , . o

}’,m-cn of ¥iring Pm \(-‘w ity on the FEaergy Reguired to [nitiate
Mk 101 Type Pereussion Primers .. .. . .

Effect of Loading Pressure on .‘wnuxmn of Priming \hth—u Leu-d
in Pereussion Primers__ ..

Effect. of Charge W nuzht. on ﬁu‘pm (!mmvtvrmum n( \!mhﬁm!
Navy Primer MK 181 Assembled with Shortened opper Sealing
Cups. .. ..o ... ... ...

Volumetric Specific Heats of \n-tm- e Caen

Effect of Wire Length on !nput Unaracic m!zr‘-a in \;rfm Meial ‘!‘3';:»'
Electric Primers.. .. . . .-

Effect of Different i' xp!mxvm on I iring i' nergy in lmdmv-\\ ire I v.po
Flectrie Primers.  Tungsten Wire 030 Ineh Long at 14 20 Voits

Sand Bomb Text of Various Electric Primers ...

Fxplosive Charges Used in Foreign Fiash Dotonators. .

Fffeet of Type of Closure on Sensitivity of Dotonators. .
Specification Requirements for Quiput of Army Flash Type D
tonaicrs i e
Effect of Amount of prlmlw on ()ntput as \Imwurrd by ~"md

Rombh

- R T S R R

Effect of Amount of prlmwc on Ompm as \n-mmrod by the
Copper Block Test..._._.._..._ ... ... .. _ ae
Variation of Sensitivity with loading Pressnre for StabF o
Priming Mixtures el R
Effect of Moisture Content of Biack Pm\d«-r on Hurnmg Ty,
0.010 Secend Delay Element. . R
Effect of Moisture (,fmtenf of Bim-!» !'m\m'r on Hnrmng Time,
.45 ﬁf-c'mn l)l'luv .l.uwnmw.. . e e e !
Fﬂcct of Dov:watmn on the niurmmg imw aof I)r-lm' llummtu
Loaded with Black Powder_ ..
Effect of Type of Powder on I )olm Lime
Effces of Primer Qutput on Burning Time.
Effects of Temperature on Burning Time .
Fffects of Varying Pressure Dwall. . ..
Burning Time of Preiny Materinls |,u«uiwi al .i.» U()ﬂ val dnto ok
Rolied Steel Bodiey Having an Invide Dinmeter of 0,203 Tnedh

e v e me s a e e e L

-

Falr Y W Ld Lo S PN T
ClAMrILE S

-

3

v
o

21
31

36

15

3 a0

pir}

sy >
S B

-t

=19
~3

i 1

n
&
ER




[ e

Riins
TP

o

i

Effeet of Diameter of Delay Column on Burning Characteristics. .
Dimensions of the Lead Charges in an Actusal Firing Tra i Design .
.\mmtn ity Test Values for Possible Booster Explosives. ..o ... ..
Shoek Characteristios of Metals . o . e ieee
Wieet of Confining Medinum on Critical Gap_ ... .. o2

‘ompilation of Data from OSRD Report No. 5601 (ref. (7))
b.mmng Resulte of Tests of Shaped Charge Initiators as Hus-

trated in Figure 817 e a =

:-’-n

Standard Test Sets for Firing Train Components. ... ... .. __

P




CONFIDENTIAL
SECURITY INFORMATION -

Chapter 1
INTRCDUCTION o

Problems of Explasive-loaded Ordnance

On Aprit 24, 1862, Gen. D. H. Hill of the Confederate Army wrete
the following blunt note to his Seeretary of War concerning certain
prni)ic-x-m he was having with the explosive trains of bis day. “There
musi be something very rotten in the Grdnance Depertment. It is a
Yunkee concern throughout and T have long been afraid thst there was
foul play there. Gur shells burst at the mouth of the gun or do not
burst at afl.”

One venr later at the Battle of Chancellorsville, an artillery cbief
reporte «l that on the basis of careful observation only one out of every

filteen of the shells that were fired exploded at ell. “I was compelled

te wateh closely the effect of n]l of the projectiles,” he said, “as if we
were using entirely solid shot.’

By 1905, pvrfnrmnm ¢ of ammunition had been somewhat improved;

Iumnm, im the most significant naval engagement of the Russo-
Japanese war in that vear, namely the Battle of Tsushimas, 1t is re-
ported that one of the most important factors leading to the utter
defent of the Russisn Fleet at the hands of the Japanese was the failure
of the Russian fuzes to explode the projectiles.

To bring the story up to the present, it can be stated that the
funetioning of explosive loaded ordnance is in general quite satis-
factory. ‘Taking, for example, antiaireraft ammunition, Admiral
Hussev, in forwarding to the Underseeretary of the Navy in 1945 a
recommendation that a Navy fuze designer be given a cpecial com-
mendation, stated “40mm ammunition which was produced to the
extent of 250 million rounds during World War IT, functioned better
than 99 pereent in ballistic tests.” .

Rounds of ammunition of all eategories, perfect in all respeets, were,
however, still unavailable in World War 1I. Much in particular
remains to be accomnlished in developing explosive trains capable of
withstanding severe surveillanee conditions. Following the bom-
bardments of certain atolls in the Pacifie by U. 8. Naval Units, it was
i some insiances disconcerting to note that not all of the amnmunition
was used to maximum effectiveness. In *“Comments on Amphibious
Operations™ dated 1 March 1944, the following statement appears:
“The next disturbing type of malfunction was the duds and low order
detonations noted on all the islands.  While the number of duds found
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From the examples cited, it is evident that the problems of explosive
loaded ordnance are of long standing. The solutions to such of these
problems as involve the explosive irain are the provinee of this hook..
Actualiy the art (and the term is used advizedly) of explosive tramn
drsign is in & well-advanced siage at the present time. Not only have
the on-tareet nerformanca records been raised in most cases to figures

acel - Stk x’ - A

above 90 percent, but in addition the safety records of ordnance have

been greatiy improved. For instance, during World War i, ammuni-
tion that gave no more than ¢ hore premature in twenty thousand

rounds of firing was conz'd “nd fo be about as good ps conld be expected.
In World War i1 witu, jor exampie, 5''/38 bose-fuzed ammunition,
bore prematures occurred at the rate of less than ore in one million
rounds.

Scope of This Handbook

Ordnance design is a field of broad extent, and in it the unwary
‘author is likely to wander far afield unless he marks gut for imself a
sharply defined domain. This handbook covers explosive trains ae
applied to the entire field of explagive loaded ordnance, In every cass,
the discussion is limited to tue explosive trains, For instance, there
is ne discussion of the sources of energy, cither electrical or mechnuical,
which serve to trigger the fize of an explosive loaded round. There
is a detailed discussion of the manner in which the sensitivity of a
stab primer is affected by tiie weight and velocity of the firing pin.
There is no discussion of the details of the mechanism whick: moves a
shutter contgininz a detonator to arm or disarm a round ; but therc is n
detailed discussion of the way in which the probability of firing the
subsequent eiement in tie train ia modificd as a function of the anount
of dislocation of the detonator or of interposition of air gaps.

The explosive train designs treated in this book are applicable
primerily to bomb and projectile fuzes. However, the same hasie
principles may be applied to a wide range of explosive Joaded ordnance
items. The following list of such items is not necessaiily complete.,

Gun launched projectiles of all calibers.
Rocket projeatiles, -

Bombs.
Underwater ordnance such as mines, torpedees. and depth charges.
Projectiles of advanced designs, including seif-propelled and
guided missiles,
Description of ¢ Compiete Explosive Train

A short over-all description of the explosive train of Base Fuze Mk
21 for major celiber proiectiles is presented here in order ta rive the

newcomer to thiz field a comprenansiva view which he mighi not,
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otherwise obtain by rcad'ng the detailed discussions of the various

.compenents which appear Inter. The function of this fuze is to initiate,

following a delay of 0.035 second after impact with steel armor plate,
a high-order explosion in the filler of projectiles from 6 to 16 inches
in diameter. A cross section of Base Fuze Mk 21 is shown in figures
i-1 and 1-2. In this short description, attention is centered on the
explosive train and the mechanical features of the fuze functioning
are touched upon only lightly. - The central axisl assembly of the
fuze, which is mounted on ball races, raoves forward on plate impact
against the anticreep spring, caus.g the stab primer to unpinge on
the firing pin. (Sce figs, i~1 and 1-2.)

The steb primer, destgned for maximum sensitivity to initiation on
impact with this (ype of firing pin, is loaded with & priming composition
(-nn‘umng of a i iture of basie lead styphnate (CaH(NO,);(OPbOH),),
ide (Sh,S;), barium nitraie (Ba(NG)y), tetracene

lend azide (PhN,); the explosion of this mixture

I Y
IR

v ]
(()-,.'m” ()), and

~dnrees the delay element primer firing pininto the delay element primer.

This primer is loaded with a priming mixture similar to that used
in the stab primer except that it -oes not contain lead azide. It
differs from the stab primer in twu respects; firstly, iis housing is

»

stronger and is not punctured during actuation, a characteristic which

makes possible maintenance of o gas seal on the next element, the
delay pellet, and secondly, it is inherently less sensitive to impact
than the stab primer.

The hot gases from the percussxon primer permeate through the
baffle and initinte the biack powder delay pellet, which burns, under
the reproducible pressure conditions which obtain within the delay
housing, with a delay time of 0.035 second. When the black powder
clement has burned through, a spit of flame impinges on s lead azide-
londed detonator; a true detonation develops and progresses succes-
sively through the tetryl-loaded lead out, the tetryl-loadeq hooster
lead in, the lvtryl-londod booaster, and tho main charge of the shell,
explosive 1) (ammonium picrate).

Certain general remarks may be made concerning this explosive
train, which hold in general for any train. As one proceeds dowrn the
train, the size of the elements in general increases while their sensi-
Li\'it.}' to initintion decreases. For ingtance, J‘n decreasing ordeor of
sensitivity we have:

(¢) Priming mixture.

() Lead azide.

(¢) Tetrvi.

(d) Explosive D. P

As implied in the word “train,” each element has two ends and

-
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Figure 1-2. Base Fuze Mk 21, Firing Position. Sectional View.
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concomitant with this fact has two characteriatics, an input charac-
teriatic and an output characteristic. We characterize, for instance,
the percussion primer with regard to its input characteristic by its
drop weight sensitivity, and with regard to its output characteriatie
by the number of calories of heat whick it develops on deflagration
and which appear in “ts output flame. The lead azide detonator is
characterized on its input end by its flame sensitivity {as measured,
for instance, in the oxy-hydrogen bomb apparatus deseribed on page
0--18) and on its output end by the yeak pressure developed at its
detonation front where it contacts the succeeding clement in the
train. ’
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CHARACTERISTICS OF EXPLOSIVE TP;AEN
MATERIALS

Explosive train materials have the common characteristic of being
capable of reacting, when properly initiated, with the evolution of
considerable energy.  This reaction does not depend on the avail-
:1!)![!!1’ ()f any ontsile malerial eneh as oxXyYgen; }!{_rgge the rnﬁ(’f_; N CAN
be made to oceiir in hermaicay sealed componcnts.

The materials used in explosive trains may, for convenience of dis-
cussion, be divided into explosives and delay materials.  Explosives,
in general, reaet more rapidly than do delay materials; however, in
the ease of short delays the difference in repetion rate tends to dis-
appear, and in some cases a single material may be made to serve
both purposes.

From the standpoint of composition, explosive train materials con-
sist of an oxidant {oxidizing material) and a fuel (oxidizable material),
held in intimate contact in 1 metastable condition. Delay materials
usually consist of mechanien! mixtures of oxidants and fuels, in the
form of fine powders.  In the ease of explosives, the oxidant and fuel
are usually incorporated into a single molecule, so that explosives are
normally homogenous materials. There are numerous exceptions to
the nbove generalizations, sinec a pure explosive compound may be
used as ¢ delay material, while explosives may consist of mechanical
mixtures of explosive compounds and/or oxidizing and reducing chem-
icals.  Other materizls may be added to impart special characteristics;
for example, wax may be added to a high explosive to decrease its
SeNSIVILY,

Section 1.—Explosives

An explosive may be defined as a metastable substance which, if
activated by an external source of heat or shock, decomposes spon-
tancously to produce a large amount of energy. Results of this de-
composition are the sudden production of a large volume of reaction
gases at high temperature and a sudden rise in pressure in the im-
medimte viemity.,  ‘This transformation normally tekes place in a
period of the order of a few microseconds.

An explosive may be regarded as a material containing stored energy
and capable of relensing that energy upon activation. ¥rom the

standpoint of thermochemistry, the energy released is the difference

betweon the heat of formation of the original explosive and the heat

‘of formation of the products of reaction.
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From the standpoint of use in explosive irains, it is convenient to
divide explosives into three classes; primary explosives, priming mix-
tures, and high explosives,

Primary Explosives

.

The distinguishing characteristic of primary explosives is their ex-
treme sensitivity to heat or shoek.  ‘They are the most sensitive of
the explosives and, cither as pure materials or as ingredients of prim-
ing mixtures, they oecupy the “starting”’ position in explosive trains.

Table 2. 1 lists the more cormon srimary explosives by their most
widely accepted names. Tetracene and nitromannite are included in
this group, although many of their characteristics are similar te those
of the high explosives. Chemieal and physical data are ineluded in
this table.

Oxyger balance is expressed in pereent and represents ihe excess
or deficieney of oxvgen as eompared to that required to convert the
en-hon to earbon dioxide ani the hydrogen to water.  Mathematicaliy
it is 100 times the weight (grams) of exeess or deficient oxygen per
gram mole of explosive divided by “he molecular weight of the com-
poutkl. This is a measure of the extent to which the molecule is
deficient or overly rich in the amount of oxygen necessary for its com-
plete decomposition.

Explosive characteristies given in Tuble 2-2 include the sensitivity
and the strength, or power, of the explosive.. The sensitivity to
impaet refers to the 50 poveent explosion height obtained on the ERL

Tawwy 2.2, Frplosive Chavacleristics of Primary Explosives
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type 3, Drop-weight Impaet Mackine.  This type of machine, apy -
cahle to the more sensitive explosives, is deseribed 1 reference 12
Friction-sensitivity values were obtained on the Burean of Mines
Type B Pendulum Friction device deseribed in referenee (33 They
represent the maximurn weight {grams) added to the pendulusi fallin
from a height of 50 cm. for which “'no explosions” were obtained in 10
successive trials. A sample of 0.02 gram was used for each test,
Thermal properties. The values reported for heat of formation
(H,) and hest of explosion (H.) were derived from measured values of
the heat of combustion (H.) {(ref. (£3). The latter values were as-
sumed to have been obtained in an oxygen bomb with the water
formed in the reaction being condensed o the liquid stats. In
calculating the heat of explosion, it was assamed that no stmospheric
oxygen was available and suitable corrections were applied in caze of a
deficiency of oxygen. The heat-of-explosion data wera also caleunlated
on the assumption that any water formied by the reaction would be

present in the vapor state. In estimating the products formed by the
explosion, the following assumptions were niade:

g eellesy v spnmiad

‘(1) The nitrogen all appears as molecular N;.
-(2) The availabie oxygen is first used to oxidize tie carbon to CO.

(3) Any oxygen remaining from (2} ic used to oxidize the hydrogen
to H,0. ’

{4) Any oxygen left over from (3} is used to oxidize CO to COs.

Sand test. The strengih of the explosives as determined by the

sand test is expressed in grams of sand crushed finer than 30 mesh.
The reported values were determined in the Bureau of Mines No. 2

sand-test bomb using = total of 200 grams of sand of a siandard grade

and quality. A definite weight of the explosive was pressed in a No.

R detonator cup at a specified pressure. This procedure is deseribed
in reference (6).

Petoyation velocities (meters/second) of mercury fulminate, iead
azide, leed styphnate, and diazodinitrophenol at

trop varioux [oading

densities are reported graphically in figures 2-1, 2-2, 2-3, and 24,
respectively. Naval Ordnance Laboratory- data presented in these
ﬁgures were obtained on a column of the explesive, 0.150 inch in
diameter by 3.0 inches long, initiated with a lead azide charge. Times
were measured with & Potter Electronic Counter i wing a

counting
rate of 1.6 megacycles.
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Figure 2-1. Mercury Fulminate, Density vs. Detonation Velocity.
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Priming Mixtures

Pure primary explosives are noi suitable for use as initiat@rs in
many applications. In order to modify their characteristics, various
materinls are added and thoroughly mixed with primary explosives
to form priming mixtures.

The following four methods are commonly employed to lmpart
particular characteristies to priming mixtures.

Increasing seusitivity. Since most explosives have a low oxygen
balanee, the addition of oxidizing agents such as chlorates or nitrates
will usually inerease the sensitivity,  In the case of prlmmg mixtures
mitinted by the action of stab and perenssien t.'lng ping, an abrasive
such as ground glase or ~erborandui may be added to increase the
sensitivity.  The addition of a4 small amount (5 percent or so) of a
senstiive primary explosive such as tetracene wiil often increase the
sensitivity of a priming mixtire.

Increasinz outuut The ()H”)Ilf of lI'Innn(r mixtureg 1s ugual!"
augmented by the addition of fuels such as antimony ¢
lead sulforvanate. The former fuel aiso serves as an abrasive. Slnbe
most explosives have low oxygen balaunces, the addition of fuel to
priming mixtures is usually accompanied by a suitable amount of an
oxidizing agent.  In some cases, the addition of an oxidizing agent
alone will increase both sersitivity and output. - High explosives ench
ns RDX and TNT are also used to increase the output, although
thése materials pmhub‘v do not detonate when used in this way.

oading binders. 'oi purposes of ioading by the buttering process,
priming mixtures may be wetted by a solution containing a binder.
After the solvent evaporates, the mixture is held in place by the
binder. Such binders are often explosives such as nitrocellulose or
itrostarch, irsed with sultable solvents such as butyl acetate.

Improving electrical conductivity. [t is sometimes desirable to
make priming mixtures conductive, either for purposes of electrical
initintion hy currents passed through the mixture or to decrease the
sensitivity to static electric discharges. Powdered graphite and
colloidal metal powders have been used for this purpose.

The eompositions of current U. S. Army and Navy priming mix-
tures are presented in table 2-3, together with an iuadicaiion of the
type of device in which they are used. Comparative data on the
sensitivity and output characteristics of these mixtures, when avail-
nble, are presented in sections of the book dealing with the respective
devices.
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generally more brisant and powerful then ..
High explosives function under the influence of
mary explosive or of another hzh explosive.  Thev

explosives, most high cxplosives in an unesniined

without exploding when ignited with a flame.  The

prosented in tables 24 wnd 2250 The information
ssed mere fully in the following paragraphs. _
8ts.a number of the more common high explosives by

The axplosives listed in =& are armanged in ihe decressing
order of their impact sensitivitios. The values for hooster RONRILIVILY,
brisance, and rate of detonation are dependent on loading densities.
The densities entered in this table may be unifermiy obtained, under
goed joading conditions, for the forms atated: but the usual densities
obtained in production londing may fall as mueh as .03 unit below
the cited values. The values reported are typical of thoss currentl;
being obtained. Additional data on loading dansiziea will be found
on pages 2-24 and 2-25,

Oxygen balance. The significance of the oxyervi; balance daia is
explained on page 2-2.

Booster sensitivity iz expressed as the length in inches of a exlinder
of Acrawax B 13 inches in dinmeter that will fail to transmit detona-
tion 30 percent of the time from a tetryl booster 1% inches in diameter
and 2 inches high to a crlinder of a particular expiosive 1% inches in
diameter and 5 inches long. The test arrangement is shown on page
7-10.  Table 2-5 gives the booster gensitivity of 13 coinmonly used
high explosives.

Brisancs, bz the plute-denting toest, is expressed as a ratio. It is
the ratio of the avernge donth of dent in cold-rolled stee) produecd by
the explosive at the indicated density to the average depth of dent

produced by cast TNT at o density of 1.60.  The test sample, cast or
pressed in a cylinder 1%

. s nches in diameter and 5 inehes long, uncased,
is -ﬁred on a lightly grensed, square, cold-roiled stee! plate 5 inches on s
stde and 1% inches thiek, The charge is initinted with a No. 8
blasting cap and tw- 30-gram tetry] boosters,
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CONFIDENTIAL CHARACTERISTICS OF
SECURITY INFORMATION EXPLOSIVE TRAIN MATERIALS

Detonation velocities (meters/second) are given for each explosive
at the density and form stated in the table.  All charges were between
1.6 and 2.0 inches i diameter (the majority being 1.6 inches), and the
rates of detonation represent maximum velocities for the densities
given. The velocity is & direct function of density and changes about
370 meters/secand for each change of 0.10 gram/ce in density. = This
relationship may be used for estirnating detoration velocities at other
densities, ;

Power, as determined by the Ballistic Mortar, is expressed in terms
of pereent of the value for TNT.  This vest was designed to evaluate

approximately the total ene.zy from the explosive. The use of the

mortar is deseribed in reference (12).

Impact sensitivity measured by the ERL type 12 machine refers to
the 50 percent explosion height obtained at the Naval Ordnance
Laboratory on the Drop-Weight Impact Machine, adjusted to give
PETN the index 10 and TNT the index 1us. This machine is de-
seribed in reference (2). '

Thermal properties. The values reported for heat of formation
(H,) and heat of explosion (H,) were derived from the measured
values for heat of combustion (H.). The methods used to obtain

3 rex | . o M
these values are the same as thoese discussed on page 2-4.
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fav and ignileT powders ar
rs, blaek ;mm!or and oth::

*3$ﬁnguzsmng characteristics of gasless delays and igniters
& tite combustion products are normally solids and that a
iatity of gas is formed during burning. They are
;;ieyed in the form ¢i a mixture of dry powders, usually
e‘ve:partlcle size. The mixture is pressed into a delay cavity
pressures in the neighborhood of 35,000 psi.  Binders are
10t wmmoﬂ!v smployed beeause they tend to form gases during
~huraing The pellet formed in the delay eavity by the pressed powder
bas sutficient st‘rength to withstand- ordinary handling during trans-
portation as well as low acceleration forces. However, when the
magnitude of the acceleration forces approaches those resuiting froin
setback in medium caliber projeciiles, the pressed powder usually
mus$ be supported mechanically at the ends of the delny envity,

Gasless igniters are used o transfer ignition from sn initiator to
the delay mixture or from the delay mixture to an explosive charge.
The igniters are easily ignited and their heat of combustion is usually

greater than 350 cal/gm (refs. (43) and (44)).

F33B. This is a red powder manufactured by the Catalyst Re-
search Corporation. It is composed of 41 purcent zirconium (Zr),
which serves as the fuel, 49 percent iron oxide (Fe,0y), which sarves
as the oxidizing agent, and 10 percent sur-+floss (SiQ,), which is
an inert ingredient whose principal function appears to be to decrease
the rate of burming. There are no other known manufacturing
specifications. F33B has a drop weight sensitivity comparable to
that of lead azide, and it has been fired by body static electricity,
F33B can be initiated by standard percussion primers, as well as by
olack powder, and glows upon initiation, forming a solid ~lag.

Under'somo cir~umstances ¥33B may react explosively u;;cn initia-
iion, an ‘*tms tendency appears to increase as the quantity of F33B
i8 inet_ad It is usually advisabie to restrict any powhlv move-
ment of the igniter after initiation to insure its remaining in contact
with the delay or explosive charge which it i3 intended to ignite.
The storage qualities (44) in brass and stainless steel containers are
good, and the heat devuloped upon combusticn s in the neighbor-
hood of 500 cal/gm. (44).

b3
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Z-3 Igniter. This is a green powder composed of 25 percent
zirconium and 75 percent barium chromate. It is manufactured by
the Catalyst Research Corporation ; there are no known manufacturing
specifieations.  The heat  developed upon combustion is in the
neighborhood of 430 calfgm. (ref. (44)). Because of the satisfactory
performance of F33B, the testing of Z-3 Igniter has been restricted.
However, its inttiation, eombustion, and storage qualities appear o
be similar tn those of F331.

6-8-8 Igniter. 'This pvrotechnic igniter containing lead  dicxide,
cuprie oxide, and silicon in the ratio of 6-6-8 parts by weizht has
peen used experimentally sz a gesless delay igniter.  Tests indicate
that its impact, static sensitivity, and storage qualities (ref. (44)) are
similer to those of F33B. Its heat output is about 400 cal/gm.
(rel. (44)). However, it has been found that this igniter is difficult
to ignite at low ambient temperatures, and, therefore, its use is not
widlespread.

Silicon.red lead igniter. A silicon-red lead mixture (ref. (45)) has
peen used by Picatinny Arsenal to ignit~ one of their delay mixsures..
Complete performance data on this m' :ture are not available.

Gasless delay mixtures usually cannot be ignited directly from a
primer and require a small quantity of igniter to aid in their initiation.
The mixtures are practically "ivsensitive to initiation by shock or
static eleetrieity, and their heats of combustion usually are less than
350 eal/fgm. ,

Zirconium-nickel delay mixtures. A new delay composition of
zirconmum-nickel alley. potassium perchlorate and barium chromate
has been developed by Picatinny Arsenal (ref. (37)). The surface of
the ailoy is treated with a dichromate solution (ref. (46)) to prevent
subsequent deterioration. The storage qualities of this mixture ap-
pear to be good, and it sppears to be compatible with ¥33B igniter.
No other information on its performance is available.

Manganese-barium chromaie-lead chromate mixture. The de-
velopment of a delay mixture composed of mangancse, bariuin chro-
inate, and lead chromate is described in references 36, 48, and 49. By
varying the proportions of the ingredients, the burning time may be
varied from about 3 to 12 scconds per inch of delay column. ‘Tests
have shown that this mixture will function at —65° F. (ref. (36)), and
preliminary data have indicated that it may perform satisfactorily -
at --100° F. Toading pressures in the neighborhood of 30,000 psi
have proved sufficient to enable this mixture to withstand impacts as
heavy as those to which an A. P. projectile is subjected on being fired
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; forces have been estimar,
260,000 (’s.  The surveilianco charnet..
anpeay to be satisfactory when the mangae.

apoTs 125 oxidation resistance and when the mixtu; -

podies. No informstion is availuble on the storag..

ure when loaded in other typex of delsy bodjes

iaixtars, This & a greenish powder developed and

Lhﬁiyst Research Corporaiion. [t is composed of

: mn perchlorate, nickel, and barinm chromate in

proportions 5/7.5/17/70.5. There are no known

specifications.  The surveillance characteristies of

were known to be rocr; this fact was traced (o the

ek used. The manufacturer appears to have overcome

gy ( fs. (36) and (50)) by denctivating the surfuce of the

owd tickel. Data on low temperature performance are con-

ficting (refs. (36) and (50j). One report indicales good performance

at —65° F., while the other lists failures at +33° ¥, Additiona] dnig

from current tests indicate that this difliculty may be dependent upon
the particular batch of powder being tested. .

Barium peroxide-selenium mixture. A gasless delay furnished by

the Hercules Powder Company (ref. (51)) has heen used in electrie

fuze primers Mk 115, Mk 116. and Mk 117, The mixture is composed

of approximately 80 percent barium peroxide and 20 pereert selenium.

The storage qualities and the dispersions appear to he poov (ref. (52)),

and recent tests indicate that reliabifity and low temperature per-

formanze i not satisfactory.
Yo 22200 barium chromate-sulfar mixture. A delay mixiure con-

"~ manganese, barium chromate, and sulfur {refs. (133, {53),
.. .54)) was developed at Picatinny Arsenal. Thiz has been dis-
carded because of limited storage life at 65° (.

Antimony-potassium permanganats mixture. A deley mixinre con-
sisting of antimony and potassjum permanganate was uged exten-
sively in Germany during World War II (ref. (33)). Very little
information is available, but it is known that the moisiure content
of the mixture is very critical and that sufficient moisture may be
adsorbed from a normally londed detonator to cnuse failinres,

Silicon delay mixturasg, Several delay mixtures (refs. (45), {56),
(57), (58) and (59)) developed at Pieatinay Atz 1) consist of silicon,
red l?ad, and/or lead Wchmmm.e, and a binder. Diflicultios were
experienced in obtaining reproducible burning times and continuity
:_)1' barniing after the delay elements weare
forees,

H L 4 Twten > R~ . s
Cobalt delay mixture. Some dutn (vef. (36>) have been ohtained

subjected 1o severo impaet
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on ihie performance of n mixture of surface treated cobalt (ref. (47)),
lead chromate, and potassium perchlorate.  The storage qualities of
this mixture appeared to be good, but no other information on its
performance is available,

Black powder. Black powder is & mechanical mixture of potassium
or sodium unitrate, charcoal, and sulfur, in proportions of 70-75,
14--16 and 10--14, respoctwely. Potassium nitrate is usually used for
military purposes, while sodiura nitrate i1s used in commercial blasting
powder and in saluting charges (ref. (16)).  Specifications for various
grades of black powder for military uses are given in reference 17.
Table 2-6, reproduaced from this reference, shows the granulations of
the various grades.

On burning, blaek powder produces relatively large amounts of
gnsos, together with a considerable amount of incandescent solid
particles (white smoke). The analysis of the combustion products
from one sample of biack powder is presented in table 2-7, which was
taken from reference (18). The heat of combustion of black powder
has been reported (r('f (18)) as 718 cal/gm. (1292 BTU/Ib), while its
finme temperature is recorded as 3880° F (2138° C).  The ignition

Ctemperature of black powder varies widely with the test conditions.

Values reported in reference (12) for potassium nitrate base powder
vary from 164 to 266° O, depending on the rate of heating. Under
stimjar conditions, the ignition temperature of the sedium nitrate
base powder appears to be about 100° C higher than that of the
potassinm nitrate powder.

The pressure which black powder will build up in a confined space
cun be calculnted from the “impetus,” which may be defined as the
pressire times the volume of the gases produced by a given weight of
P e T, or:

Volume (cu. ft.) X Pressure (Ib./sq. 1) _ 1 bus
Wt. Powder (1bs.) TpeLus o
Several determinations of the impetus of 3¥G black powder were
mude at the Naval Ordnance Laboratory using a 500 cc (0.0176 cu. ft.)
hoinb equipped with an Aberdeen type strain gage.  The results are

~utnmnarized here.

Charge wcigm Peéak pressure | Impetus 5
fRrams) ; {pxi) : (ft1b/th) :
: -~ - - RS U
" I s g o wan
R 1 25 00 L U5, K84 |
R | 25, (44 ; 05, 885
0 | 26, 750 : L 56 |
4 ! RENI : 03, 885 !
K : RN ) |
f
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Tanwe 27, Combusiion of H!rzc.v Powder (ref. v“e))

% Potassium nitrate. . . e s 74.439
‘j!'ntﬂ.sslum sulfate . . R s . 133
Powder Analysis (pereent by weight) . dSalfur. ... ... .. ] 1D0B3,
‘! Mareonl. oo e oaah 14286
AWater .. i e eeieenaooool 1058
,H:sscs.-__..__“ e 42 9%
Froduet Andysis {(percent by welght) . 4Selids. . ... ... i 859
; WL o e e e i.11
ifCarhon disxide, e e immmeeaen 49.29
{{Carbon monoxide .. B P, . 12 ;47
Amnlysis of Liaxes (percent by volume) ?{i\l:;(:iggn;!—zmdo S el e "gg
MEHANC o e . .43
Adydrogen . i ieanae 2.19
HTatassium earbonale . e eeeans 81.03
; ;oummm ‘;uimc .................................. }Z ‘1‘(5)
e rotassium sulflde o eeaaias 3
\""i:h?f?,"! \nrhd ¥ m‘h_ N’(” reem ") Potassium ﬁ'lil)('\ P £ 113 LSRN .22
SYPotasshumm o nitrade L e ccaaan .27
Ammoniumoearbonale L e .08
Sulfur e 874
Carbon .o R S .08

Black powder has a tendeney to absorb moisture, a property which
may affect its burning charneteristics.  Moisture may be absorbed in
such large quantities that the powder will not burn. The effect of
smaller quantities of moisture upon the ignitability is shown in figure
2-5 (ref. (19)). In this investigation, the black powder was exposed
to a llame for u definite time interval. Ten trisls were made at each
time interval, and the number of ignitions obtained was desigaaied
as the probability of ignition. Thiy pmba slity was plotted against
exposure time, and the time required for an igniiion probability of
0.5 was used in caleulating the ignitability of the sample:

Fime of exposure to flame (ser)

Temitability =,

Warther diseussion of the effect of moist air on black powder will be
found on page 2--30.

The burning rate of black powder may be slowed considerably by
incorporating other ingredients in the mixture (ref (203). The duPont
(‘ompany manufactures a slow-burning biack powder which bears the
designation D-55. It has no Army-Navy specification.

The compatability of black powder with various metals is shown
in table 2-14.

Black powder fuses. Black powder is used in the construction of
w nuher of fuses emploved to obtain delays in a number of applica-
tioms, incliding Tuzes. The most widely used types are quickmatch,
fircerneker fuse, and safety blasting fuse.

Quickmeatch. Quickmnteh is made by impregnating a cotton wick
with menled (inelv powdered) or unmealed black powder. Gum ara-
Lie or destrine isoaued as o binder, This fuse 1s highly sensitive to
misture s uaiet be keptodry for proper functioning. Quickmatch
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2000 i « B-6216, POTASSIUM NITRATE

BLASTING DUST

° B-6217, SODIUM NITRATE
BLASTING DUST

X R-1180, POTASSIUM NITRATE
i500 A FFg SUPERFINE ;
i o PONT POWDER |
- } | ¥ B-6243, SODIUM NITRATE 3-f !
pid BLASTING POWDER
o ° ? B-4526, SOCIUM NITRATE 3-f
= ‘ BLASTING POWDER
= 1000
-d
2 \\ \ !
= TR ———
.g. 1 ' \\

6 NE
' ; -MOISTURE CONTENT ¢ PERCENT)
Figure 2-5. Effect of Moisture on Ignitability of Black Eowder.

burns almost instantareousiy when confined. The unconfined burning
characterictics of various classes of quickmatch gs presented in refer-
ence {21) are reproduced in table 2-8.

Firecracker fase. This is a slower burning, moere rugged fuse con-
sisting of a core of black powder and cotton threads surrounded by an
outer layer of cotton threads impregnated with laequer.  Tte uncon-
fined burning time varies from 15 te 30 seconds per foot.  The rate of
burning is increased by confinement. 1t is moisture resistant and
will function satisfactorily after immersion f{or periods up to 20

Tanrr 2-8—Burning Specificationn for Juickmatel; {zcf. (211

e '-—..__ e e . s ...__.ww.._-...,,,.__...,...,m,.ﬂ..w_v...”; < A my e S
i | Musbmum
P ! I
Type and Oinz- [ Descrigtion ; émg;
| (ane.) for 13
! inek longih
¥ - :
4 Rtrend, Meajed Powder .. . 8
4 Strand, Unimnealed Powder [ /""" .; is
§ Strand, Mealed Powder, | 7777 7T i 1o
a&md Unmealad Powdar . 17
S@alad Powders. 7T T s &
-} Ulimealed Powder 1) 77711117 e H 12
¥
h annealed COpLer wism 0.8342 fniels fr diameter T
F s i [ ol bl A
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minutes. it is normally fornished in diameters of ! %e to % 1Inch.
Reference (400 vresesis Government specifications on  30-second
firecracker fiyee. ;

Safety blasting fnse. This i :’-f\”]‘n(mly known as Ensign Bickford
Fuse. It is made by braid ng and spinning cotton threads impreg-
nated with a tar-like =ubstance over a black powder core and then
coating with wax. It can be obtained with burning times varylng
from 25 to 120 seconds per foot. Tt is fairly moistureproof. It is
obtainable only in a diameter of 0.2 inch. Reference (41) presents
Government specifications on 120-second blasting fuse.

Other Materials Used in Short Delays

Normal lead styphnaie. This has been used in an experimental
t-millisecond delay initiated by an electric primer. In this apphva—
tion, 10.4 mg of normal lead styphnate is dead pressed at 80,000 pst
in a delny eavity Y, ineh in diameter and 0.075 inch ) long. The
burning rates of the freshly prepared delays are consistent and range
from 3 to 5 milliseconds. However, efter several months exposure
at 95 percent refative numl(htv and l40° I, the burning rates become
erratic and may fall below 1 millisecond. I‘he surveillance deteriora-
tion is being investigated. .

Normal lead 2,4-dinitroresorcinate. This has been used in an
experimental S-millisecend delay Initiated by an ‘electric primer.
Nine milligrams of lead dinitroresorcinate is pressed at 60,000 to
80,000 psi into a cavity, %4 inch in diameter and 0.064 inch long.
Preliminary dats indicate that such delays have satisfactory stability
in surveillance ymder conditions of high temperature and high relative
huiidity

..
1
.
ir

Section 3.—Use and Handling Characteristics of
Explosive Train Materials

The performanens characteristics of explosive train materials are
considered in sections 1 and 2. This section presents data on some
of the secondury vharacteristies, which are helpful in connection with
the use and !nmdlmfr of these materials.

tUse Characteristics
Dutn on oading pressure versus loading density, temperature of
explosion, clecrrostatic sensitivity, storage stability, compatability,
and zelubility are presented 1 the following paragraphs.
Loading density. The avatlable information on ihe effect of pressure
e tondine density of n nimber of explosives is summarized in

AR (s}
)41 993
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Tapre 2-9.—Loading Denaity of Erplosives gmice)
{Dsata given in thia table are rlin:!‘rdlg frors references (22) and (30),  Other sourevs ams Noval Onds g
Labars? (s},

Y ts, trark: sud a communiestian from L, K. Littieton, Department o 2han
Army, ORDTM, marked (b)]
Procmare ) :‘
( (1= [ e
Esploatve ; , : : . | Comt 42\::-.‘
O T A 7 T ST T S | [Ty
! S VSSRSIE Y - -
Y 167 a2 2000 Loy
Dy em s (a1 Xad wim; @am: .t iy
! ! t HE U]
¥ UL A ¥ - AN v b
INEVET - ISR N A P A T A PV T
R S B e TS v
N @I WML 2T e 1y
2 180 L& l.&&'g LEM. ... LR
YL L oL
! AL Let e yer, T oL
L R LR My s T sy
.4 540 LS 1.8 x.ﬂ;l;yi 1.8
T evaniunn. B 1., ... L.
Pentolite (56-30).._... : i Les il
Composition A-3...... ; .81 ; N P
gg%Add ............. [oLs R [
...... se cemeneevita S A S Le i ...,
Tritons] 80/20 ' D T
Yrcratol 12/48 8 L U P B - B R
Explosiva I;. f : 1.9 ; i.el i.64 ; LT iii
1 1 3 i i

B

teble 2-9. In case the explosive msy be cast, the casting density has
been included if available. The rrystal densities of the pure explosives
have also been included (o serve as an indication cf the uitimate
loading density.

A nomograph which may be used for estimating the loading density
of several commonly used explosives is presented in figure 2-6 (ref.
(42)). Table 2-10 presents data on the loeding density of black

powder. Discrepancies which mav he noted botwaon vnlnns mivan in

“%-2s Lsase T SO LaUl A LY UNEE v Rriseh FARA S H

table 2-9 and those obtained from figure 2-8 may be attributed to
variations in loading conditions and materials, Inading density is a
function of particle size distribution and other factors that depead on
the sample and on the conditions of loading.  Arcordingly, loading

TaABLE 2-10.—Effect of Loading Pressure on the Denaity of Grade A Binck Powdrr
(ref, (2/0

{Loaded ints pelist 0.65 ineh in dlameter X 0,22 inch In heizht)

j | Deasity of prewaed ‘
Pmm‘ (pel) ”"e‘l’ '(""n‘,“)
[i} L1 fes, from ref,
1w g
5, nnn L5
10, 6on 1.64
25, 0o 174
43, 00n 1. ko
5, 000 1.x3
75, 000 I f.88
109, o) f8R)
Void Fres | "0 (ret, ()
——— i s 1y e (.. _—— PR
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dt‘znaity‘ values should be considered A8 AN approiimutmn‘nf: n
would be expected with average materinls and with good londing |
Pf;'it;:c;s;ﬁiuré of explosion. The temperature of {.‘.‘Ep:!.f)!.‘é;ifx xs ;ﬁui‘ a
well-defined property since the values oi.n'zunmi 'uaur_j.1 m; c \ witl 1}‘fﬂuc
test conditions. If, however, t.hf' mndmm'm are closely controlled,
reproducible values may be .:'-bts{nnd,.and it 13 fot’lnd 2-!1:}&- the time
required for the expiosion to Crcur Is AN INVETSC function o‘f_ the tempera-
ture. If the log of the time required for an o.xplf.)gmn.is pi'ouv}i
against the reciprocal of the absolute temperature, a ntrmght’!m.c: is
obtained. The slope of this line may be nmi-lo «fal('ulato activation
energy (ref. The temperatere of exp.lcsmn 18 thus seen 1o hc: a
variable which for a given set of test cnnditmn.s G vhc dvf‘mcu by tie
temperature at which an explosion m!‘ oceur in a given tine and the
slope of the curve of the log of the tinte verstis the reciprocal of the
absolute temperature.

Since there is a statistical distribution of energy among the molecules
in & substance, it may be assumed that at any temperature above
absolutc zero some of the molecules of a metastable substance will
have sufficient energy to decompose. If the heat produced by such
' random decompositions is not dizsipated, it will raise the temperature
of the substancs; in turn, the rate of decomponition will increase.

. This self-accelerating process, termed the “growth of explosion™ (ref.
(1)), eventually will lead to a complete and probably vivient decom-
position if it is unchecked. Under norm:z! sinrsge conditions, the heat
generated by random molecular decowmpisitions is dissipated to the
surroundings and the substance reaches equilibrium at a temperature
slightly higher than that of its surroundings.

The relationship between the size and shape of the explosive chargs
and the temperature necessary for an explosion to occur is discussed in
reference (1). It defines the former as “critical axplosion size’ and
the latter as “critical explosion temperature.” Accordingly, an
infinitely large piece of explosive wili always explode after a finite
time, depending on the initial temperaturc. If the size is finite and
the charge is contained in a nonconducting envelope, the self- acceler-
ating reaction results in an explosion. However, if the sample 15
finite and hest i3 able to escape through its surface, there may or may
1ot be an explosion.

Any metastable substance has been considered capable of spon
tanccusly expleding if stored in amounts which are supereritical. T’
is estimated that mercury fulminate in the form of a slab 3.1 meter

{7511

Sty

13

;< S o o
g Uhick would explode at the temperature of a Washington, DD, C. sumv
% mer (92° F). Cylinders and spheres of the same material with diain

AR ot LA St
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elers of 4.8 wmeters and 6.0 meters, respectively, would also explode
spontanecously (ref. (1))

In spite of the fact that the explosion temperature is not a property
that ean be evalunted with preeision, it is nevertheless useful to have

some qualitative indication of this property. The data presented in.

table 2-11 are relative estimates of this characteristic. Data show-
ing the variation of explosion time with temperature for many of

these explostves will be found in references (23) and (25).

Tawre 2-11. —Frplosion Temperature (degrees ()

[Keference numbers at heads of (oliiinns and opposite fteins indicate sonrees of data,  Letters refer to
footnates)
_ . . . : i —
Exploatve i (29 ‘ @ e f @5 | (35
Mereary Fulthinate, . L 177180 10203 175 240 195
Lond Aritle . B R O, 5390 315 340 292
Lead Sty phnite P S 267-282 280 320 250
DDNE o0 ; 170 195 16) f
Tetencene . . I, 1) P |
Nitromannite | U S I R T ; 232 {
[ 20 B Lo 170175 211-272 25 | 255 212
X . s moexal mean |
Paninlite (70 o e JTH178 190-2%
rx-e . R 23 BRI
Tetry! . . 164115 2340
EDXNS A N 185173 170-265
Composition b W56 0
CUowposifion A 3 e 7 % .
Fringtol (W40 e 159165 168 435
Vierle Aeit - . H0-304 a0 |
1nnRx e 207 (I3 250 |
Tritonnl (s 50 . o 100 -300) 46610 ;
TNT P, 2AR-202 465570 §
Pleratol (02 4s) . PR o 246 (33), 257458 |
Fxpiosive 31 o D20 205405 1 30 Tl L
Hlaek Fowider e e st i 336310 % 320 | 3604 1ol
. i | !

Laswest eyplosion tetnerature observed,
STemperature (or explosion in one sceond,
Yo percert prabeihility of exploston, alumingm har methnd,

Sensitivity to electrostatic discharge. The amount of energy re-
anired for the initintion of explosives by a source of energy, such as
nnt elecirie spsrk, varies widely with conditions.  As a consequence,
the energy required for initintion by electrostatic discharge is not a
busie or well-defined property of an explosive. However, the possi-
bility of chance inttiation by electric sparks represents a hazard in
the handling of certain explosives, and an indication of the compara-
ttve elecivortatic sensitivity of various explosives is of some practical
Hiportanc,

Table 212 wmmarizes eleetrostatic sensitivity data from two
sonrees, The apparatus nsed to obtain the Bureau of Mines data is
deseribed i reference (1), snd that used to obtain the Naval Ord-
res Laboretory dute is deseribed in reference (38). It appears that
vortele wize basow o overy great influenee on sensitivity, the smaller

paciieie stzee hevinge the greater Senstvity.
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SECURITY INFORMATION

Meustre H3 h o
energy (ref. (5 ) showed & v; aiuo of 0.0003 rmuofarnd o be noi unc
mon. I & person 1s charged to 5000 volts, which 1s & ressonable tigure,
the energy would be of the order of 37,560 ergs. Thus, it appesars
that the highly sensitive explosives ey eeasily be yznited by a spark
from a persen, and this conclusion has been experimentally confirmmed.

Stability of explosive train materials, Table 2-13 gives stability
and surveiilance dats on & number of explosives. The vacuum stabil-
ity test is a measure of the rate at which gaseous decomposition prod-
ucts are liberated from a 5-gram sample of the explosive heated in
vacuo, usuaily at 120° C for 48 hours. The thermal stability test
measures the time required for a 0.5-gram sample of the explosive,
when heated o 135° C, to liberate a sufficient quantity of oxides of
nitrogen to discolor a strip of methyl violet paper. Times are re-

iaBLy 2-13.—Stability of Explosives

~ Vacoum Stabllity (19 | ppeemar | '
- ; Stabijty i
Explosive " Temp. | at135°C! Surveiliance Characieristics
: (d P [ ccgna/Sgeams/ | Time '
; “"“') oos | 48 hourn (min,) i

Mereury Falminar 0 0 Lo o S DU Rapidly deteriorates in hirh temperature

, . Lu age, dry or wet, (23) (26 i‘ﬂ of 10 to
! ; 5 days at R0° C. (27).

ol Azide . 100 (23 Wh{Eahms) Lo . Sun celllance nt SO" C for 960 days showed no
1 Loz ey, DT loss of power. (27)
Lead Styphnate. 0 100 (23) [ 04 @0 hrs) o0 ... 2 months storage at 80° C showed no effect on
-1 g i o4(d0hrs) ... power or sensitivity. (23)
DOHNP . 100 (23 J 640 hrs) Lt L No loss in power alter 5 months storage, dry
| or wet. Darkens in direct sunlight.
Tetraoene oL B U B No signifiecant change a(tcr 2 months storage
at 75° C. (7).
Nitromnnnlie L U Decompozes in 8 fow hours at 75° C, stable at
room temperature. (7)
PETN L §20 RO L 1as L Survelilance at 65° C for 4 months, no chance

instability. Storage {or 450 hoursat 100°C
caused o decompasitien. (7)

RIXX . . 124 58 hey . | NA: | .. Surveillance, no deterioration i'x 11-13months
i ! i ut6s°orAs® C. (7

Pemiolite T8 e HEY P R R © Sarveillance, storage at £3° C for 11 months,
: ; ! no decrease In stebility. (7)

5 Ao} i [ N1 B S

FDNA 1240 { K . 4NA Surveiilance, no decrease in stability, slight
; , lowering of M. V. on storage for 4 months at
; AN SR ¥4

ot 124 HER K D e .o No devomposition [n 185 cight-hour days at
. 000 (D

Tearney 2 10 biooo o NAL L

Comg. 1 i P . NA.....! Burveillanes, no doterioration In 14 mouths
. at6i° C. (7)

orn, X0 . i talh . L ] NAL. Does not exude at 65° C when waxes meiting

sharply at above 75° C nre used.
Taineatnd B G SO pRiNd NAL L Sntisfactory storage ch“mcteri‘:txm (28)
AR T L et LU NALLL amaged fn moisturc. (28) Contact with
heay y matnis forms explosive salts. (7

HB 12 X1 e NA \mlxhcto storago charucteritica. (28)

Tritanad o, 120 B L NaAL D e nf-mtnrv storage Characteristies, (28)

TNT 174 N hn YU NALLL ‘«utihfacwrv storage eharactaristics. ()

Prherat Sban 1 ca NAL L.

Papodboe b et o CONAL L \;tiwr-uw:v siom’i characteristles, (248) No

or sensitiviiy
Wl 2 years at

m'm"hw tamperattee.  (23) )
A Stable # humidity is not cxcessive. See
i paoe ‘.’-.’S’J.
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corded in minutes. Tho test was discontinued if no reacting w,,
observed at the end of 5 hours; this result iv indicated by the xymb:.
NA (no action). A description of the vacuun and thermal stabilit,
test methods is given in reference (29). "

The surveillance characteristics of black powder are of particuly,
interest because of the wide use of this material. It can be said tha
black powder has remarkably good surveillance characteristies provided
it is kept reasenably dry. Potassiumn nitrate is soluble in water and
will be leached out if the powder comes in contact with liquid water.
Likewise, if the relative humidity becomes high encugh, water will
condense on the powder and a leaching action will oceur. It was found
(ref. (30)) that at 86° F no leaching occurred at relative humidities
of 89 percent or below, but that leaching did occur at 95 percent
relative humidities. Theoretical considerations indicate that leaching
will occur if the relative humidity is such as to correspond 10 a partial
pressure of water vapor which is equal to or higher than the vapor
pressure of a saturated solution of potassium nitrate. Using litera-
ture values for the vapor pressure of water and of saturated potassinm
nitrate soiution, the foliowing daia have been ealeulnied.

Temporntare | | dietod) " Ao ybre
emperature  lebe e
(degrees C) Biack Powder Wil 3o
icacied (prrrent) i

v

e
I
8RB
LIM]
"

Compatibility of explosive train materials. The available informa-
tion en the compatibility between explosives and explosives and
between explosives and structural materials is summarized in table
2-14. The explosives are listed in the approximate order of decreas-
Ing sensitivity as they appear in tables 2-1 and 2-4 with black powder
added to the list. The data in table 2-14 are limited to maist condi-
tions. Some of the source references contain compatibility data ob-
tained under dry conditions, but thesc have not hoon included because
in most cases thers was no assiitance that moisture was completely
excluded.

Solubility of explosive-. The available data on the solubilities of

a number of pure explosives in water, alcohol, acetone, and benzene
ure summarized in table 2-15, ‘
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SECURITY iNFORMATION Tanis 2-1 L —Compatidility of Frnlasivs A

W0 VS W AN T s
[Code: AwNo reaction; B = Slight reaction; Cw Reacts readily; D = iteacts 0 fovm fensitive mate:

s
Lead | Diszo. ' :

styph- .dinlwo- PETN 4
nate igfumi

H

- H . {

Materin! In Contretl with Explosive 5:;‘!"'-;'! | fend |
mile "~ i

anis | axide !
i

A BTN

Eteel coated with acid proof black paint. ... ... ... .. et e i amam et
Cadmium plated stesl ... ... ... ... ... PR PO O

pper plated steel . ... i Fiaaennns ! B(23) ¥
Nichkel plated steel .. .. ... o i T SNUORRUN IR SO . B A
ams e B00) . PO S S B{ZY .
Tin plated steel. .11 [1 111111111 z | X
Parkerfvedsteci.. .. ...__..... ... . v B, N I RO ST MR SO .
1 ’

..........

Stonl with baked ol finish.............. AN P

Magnoesium-aluminam alloy.. ... ... ..._...... h e m e ae e a e e aa .. U RN
Mool metal.. ... csm ................ T S
Dorslaminum . i i, B S, P OA@D ... [P SO R
D £ R e anaeas Bgm | D |........ | I B2

B(Z) oo, IR T Feienn s A

...................

! Reported to react slowly to form sensitive salts, probably under alightly acidic conditions.
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wnloeine Materials in the Presence of Moisture :
: ‘naitive materials. Relsrsnce nurnbers (n parentheses refer to sources of data. (%) refers to [ootnote]
EXPLOSIVES v
| | i ] z' T s T :
Pento- ! F . C .| Bdaatel-| Pleric | | Pleratel | _EX° . gigey :
env wox | T er | meen | eova | SR G Bt Tk v P i | St |
! ! ; ! i i ! i .
i : ! ] ! !
B B(23) l ! . ' } .......... I A
{TAGD - V) N X T) S S
B LA BB I i AGD BB
AGY LI AdaD c31)
ST — C@1) <31
.................... (21} - :

20609—51  (Faoe p. 2-30)
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Tanne 2-10- Solubility of Frpiogives in Some Common Solvents (Grams! 100

' B
Cirems of Solvend

{Reference mmbers in parentheses indiente sovress of duta. Lettér Gy referz to footpotel

Water ? Ethyl Alcohot . Bengsete
Expiosizs .r ' T | } B
Temp C Temp R ¢ Temp | Solu- ' Temp | Solu-
-y  Selubitiy o TET Sefubility el bty N 0 C) | bility
e e e e . =
Mercury Fulminate (380 2T f B : I T SR N
. {T I P R P ! SO S
Lend Azlde. : U P AT P i ! :
Lead Styphnats . I . ) . i [ S
piNE RN ! S s o ' - i !l oo
Tetrnene | : o B g “ T R P
Nitromnanite (20 L fnsol., . {:"’:!'d :;’]“;;:;l;‘ ol | H SRR R S
| : 1hhe. ‘, o ]
PETN (&) J 0. do. 0nomn : Ny 1437 0 0150
f sl dy : P18 B T R ‘ M 205 ] A 0. 450
; : a0 4 L i 40| s055 40 1. 160
: TR N. £ ! il | 49 89 60 4,45
: . . oo My |70
RDX (Ih. ! 0w, [T T ) ; 4] 4.4 H) 05
: K] A : .10 S (T } ) 7 36 ]
: 0 Gk wi o ! oL 60 .20
¢ 1325 N 11 T (L1 e s LU ! Gl 180 8O .41
R 1711 R S ; RN N O P
Tetryde2y . ; 0 i ; 0l oa2000. : 200 75 20 7.8
; M MG a2 ! 300 en 30 100
: nl oone ‘ Wy A6 () | w e | 0] 125
| e | . 0 ‘.f'.(m e A ltas 51169
AR T ST TSR w17 Go T I O
| IR ERLY g Tl h u(m IS S D
EDNA 2 ! TR BB 2u 1oy .
. ! wl s i 10| 246 !
; 2 [ 60| a1 DR IR
! U R VAN TR ;
: 100 | 20 B A R RS S
Plecie Aetd (0 Y i aias 20| 125 0 )
T W : o len ... a0 {137 20 9.6
w0 ) aze T IR w) s
0 [ 2.04 | M 28 H0 59
'} 80§ 4.5, ; ............................................
jon § 7.4 .. [UURUTRN RS IO SRS S
TNT (2 of.ctn . . nlwe2 n| 57 fH 13
20 1 o0fs0._ | AL L2 L . a9 20 [i73
0] s ! 0 aws L 40 5 4N 0] 180
B S A g S Y R 0 l 0 50 ) 487
: P R T N
plosive D (Zh S BN Vel i ',lx- .............................
[ 111 A K e
i3 i W0 | Lo L ..
; i AR R (S AU ARSI AU RO
. ! i R | 3620 B T e
i : i !

fa) 45 pereent aleohol,

2 . gt | « 4%
Handling Characteristics
information which should be useful in the stornge and handling of
i‘\iinwi"'* {rain materiads is presented in table 2-16. This table in-
cliudes drin on bypes of storage, preeautions in <orage and handling,
and solutions useful fm'd(-si.m_nng ihe explosive without undue hazard.

AL PR

ST _ 2-31
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Tanur 2-18.—FHandling Characteristics of Frpiomice Traie Mater, 1,

[Referenoe numbers in parcnthesss indicate soarews of dala)

Faxpissive : Qnge Procantion : Peptroying anlyien
Mercury Faiminate. 0 Wet denntive o arme and epepras Sainraled sodboaen thie
: X, 212N

Load Reide. . ... ... Looudn. o0 L Sensitive 1o flxmee andd et T Amirandorn aretate £17
i t Porme sensiive eudgey aphis
! (T -
Lead Styvhnats (.. . da. o Bensitive o fatae afed 1 sistie | Sadiom rartwnats
; o rhotricily (e e 3T i
DONP. oL da s 0 Rensitive to Bamie Co Y soutivnm By dravds
Te‘mm‘.....-.,...a,i R P dn
do e ‘ .
;l!}m!\nin.n.s,t? ...... i de . e . Hudrolyeed slowly by alky
: H oBes (I
RDX o0 Sansfiive mibsturcs withivratamt | Hot soditsig hydinasde 127

{\pv- vilthes, pojsan when
n umily m b

Peniciiic30%. ... .0 Tory L 00 L :

PPX-2 ... . oo

EDNAL............. i T Farms mm;mumh with metsls !
Tet ot Cihmt explocion  harard (2205 Baotding  oseslinen rasteat

i { contass with akly may eause | (0, -

i i dermatitin {77. i

Tepex-2.ceounn. ... fe. o e :

Composmon B....... ... Ao, . :

Compesition A-3. .. . (DU - S :

Ednatol......... ... ... do. ... .0 . L. :

Pleriescid... ..., NN IR }nrim sensitise leard and enpper .

HE :

BBX....._... . do . | .

Tritonal /0 ... ... o do. ... ... .. L :

TNT.... P L H g:muu) lovie (ﬂ) "”g mz"- !

I welth alkalicg and ammants 10, °

" form sencitive cotn mde (2 -

Pleratol...............1. ... do.. w i

Explosive D__ ... i Dry-wooden | When wot resete ©o -u, with ;

containers. i lead and copper 1o farm sensi. |

i tvesalts, .

Black powder. ... ... Dry.... ... ... D Iartienlarly eenshiive g fompe

| P and simrks. ;

¥

Section 4: References

Parenthetical numbers preceded by the letter “S" are Naval
Ordnance Laboratory file numbers,

(1) NexOrd Renort i-46, Theory of the Detonation Process. b

Finkelstein, R. J. and Gamow, G, April 20, 1047, (S-12635.
2} USRI Report No. 5744, thsloal Testing of Rzplosives, Yecem-
ber 1945 (S-7087).

(3) Clark, 1. V., Diazodinitraghenal, A Detonating ...xvin:-,é'-‘=:.

Ind. Eng. Chem., Vol. 25, No 6, pp. 663-660 June 1933

8 -‘) 3.
4) U.S. Burm of Mines Rope L. 1. 3852, Sensitivity of Explosives

tion ctrostatic uischarges. danuary 1046 8

‘i

(8) U. 8. Bureau of Mines Tecis. Note No, 23, Ignitability of Exple-

) sives by Static Eleciriciiy, November 1043, (% -ATRE ).
ot oo -
(6) U. S, Bureau of Winee Bulletin No. 347, Physicai Testing

Explosives. 103i.

-t

9-39 preT pL EE



T

i e

e

CONFIDENTIAL CHARACTERISTICS OF
SECURITY INFORMATION EXPLOSIVE TRAIN MATERI ALS

(7) OSRD Report No. 2014, Compilation of Data on Organic Explo-
ves, Novemher 1042, (S-8048).
(8) Litdde, A. D., Study of Pure Explosive Compounds. C-57625,
Office of Chief of Ordnance Contract No. W-19-020-Ord—6436,
Cambridge 42, Mass, 1947, (8-12043), |
(55 OSKD Report. No. 5306, Heat of Combustion of Explosive
Substances. Julv 1945, (5-8339).
(10) OSRD Report No. 5746, Physical Testing of Explosives. No-
vember 1945, (S-8099).

(11) NOLM 10336, The Sensitivity of High Explosives to Pure
Shocks. July 14, 1049,

(12) OSRD Report No. 8§04, Methods of Physical Testing. August
1942, (S-2804).

(13) Picatinny Arsenal Technieal KRoeport, Serial Neo. 1432, Henu-
facture of Barium Chromate Delay Powder in a Semi-Plant
Scale, February 28, 1946.  (5-12921).

4y B. 1. O. 5664, Detonator Factory, D. A. G. Troisderf. (5-13285).

) Ltr. from Roval Navy Science ‘%ervicc Dept. of Research Pro-

srnmimes and Planning to Assistant Naval Attaché for Ord-
aanee, U S Embassy, dated Jui 28, 1948. (5-18026).
(16) War Depurtment Technical Manual § 2300, Military Explosives.
August 29, 1940.

(17) Speetfication JAN-P-223: NAtional Military Establishment Speci-
fication, Powder, Black. May 31, 1945.

(1%) Davis, T. l.., The Chemistry of Powder and Explosives. John
Wiley & Sons, New York, 1943, :

(1) Bureau of .\Ei.ws Report R. 1. 3782, Studiss of he Effect of
Humidity on the Sensitivity and Dispersion of Blac Powder,
November 1043, (8§-21703).

i20) A Manual for Explosives Laboratories, Vol. II Explosive Com-
pounds and Allied Substances, page B-5, by G. D. Clift and
Dr. 3. 1. Federoff.  Lefax Society, Inc., Philadeiphie, 1943.

21 Specifieation JAN--Q-378, Quickmatch, August 1946.

(221 OSRY Report No. 5401, Introduction to Explosives, by G. B.
Nisiinkowsky, August 2, 1045, (5-6478).

(231 Pieatinny Arsennl Technienl Report No. 1740, Properties of
Explosives of Military Interest, by W. R. Tomlinson, Jr.,
June 200 1800 (5225600,

15 Ammnnition, Powder and Bxplosives, Pieatinny Arsenal Course

G‘
o

L Vale 3 and 4 Seetion AT Fig.{‘. 1, 1940,
S OSITYT Report Noo 1086, Deoterminaiion of Explosion Teripers
{}:'[gli](“f ‘”;,:_ |.\:‘.\:;1-l‘i.

H
1
i
-
:rvf)
L]
£




ORDNANCE EXPLOSIVE TRAIN CONFIDENTIAL
DESIGNERS' HANDBOOK SECURITY INFORMATION

{26) ARD Explosives Report No. 6443, March 1943, Ref, ARD
17/6/56 (5-6312).

(27) Naval Powder Factory. Indian Head, Md., letter to the Bureas
of Ordnance S78-121)0L5-2(200HWF dated December 27,
1938

(28) \AVORD Report 8746, Table of Military High Explomves July
26, 1046, ($-18135).

(29} OSRD Report No. 3401, Methods of Stability Testing. Mlarch
1944. (5-8120).

(30) NDRC Scciion H, Division 3, Black Powder Manual, February
24, 1044,

(31) Picatinny Arsenai Technical Report No. 65, A Study of the
Action of Explosives on Metals and in Ammanition. May 19,
1931. (S8~13679).

-(32) Seidell, Solubilities of Inorgamc and Metal Orgumc Compounds,

’ Vol. I, Third Edition. . D. Van Nostrand Co. Inc., New York,
1940. -

(33) Hercules Powder Co., Expt, Station Contract Nord 9490,

Sengitivity of ~Military Expiosives. December 1947,
(S-15151).

(34). Armament Research Establishment Report No. 37/48, Coordi-
" nation Compounds as Sensitizers for Percugssion Cap Compo-
 sitions. January 1949. (5-25077).

(35) NOLM 10289, A New Apparatus for ihe Determination of the

Ignition Temperature of Explosives, by J. M. Rosen.  Decem-
ber 21, 1949,

(36) \IAVORD Report No. 1775, Manganese and CobaltDehylﬁxtures,

by R. H. Comyn.

(37) Picatinny Arsenal Report No. 1733, Long Range Devele“ment of

Delay Powder for Ammunition Fuze Application. June 7,
1949.
(38) NOLM 9959, Explosive Electrostatic Sensitivity Tester, the
Design, Assembly, and Cperation of, by J. N. Ayres. Febru-
oary 7, 1949, »
(39" Internstional Criticai Tables Vol. VII, p. 490. McGraw-Hill
Book Co., Inc., New York & London, 1930.

(40) BuOrd Specification 4F7 Puze, Firecracker, 30 Second. April
L 15,1948,

(41 ) Specification JAN-F-360, Puze, Blasting, Time. June %, 1946.
(42) NOLM lO?b.), Density of a Pressed Explosive a5 & Function of

Load .5 Pressure, by 1. ]) Hampton. .t*obumrv 27, 195 0
{43) NO

nons. b"» Q H. (’nxm, n.




CONFIDENTIAL CHARACTERISTICS OF
SECURITY INFORMATION EXPLOSIVE TRAIN MATERIALS

(447 NAVORD Report 1774, Surveillance Characteristics of Gasless
Igniters, by K. H. (orm n and R. D. Dwiggins.

(45) Picatinny Arsenal Technieal Report PA-45A, Development of
Delay Powder for Mk X11 Nose Bomb Fuze.

(46) U.S. Patent 2,454,799, Method of Producing Protective Coatings
en Magnesium Powder, DD, 1lart and H. J. Eppig, December 9,
1044.

(47) NAYORD Report 1814, A Method of Protecting Metal Powders
from Deterioration, by R. H. Comyn and R. T. Skelton.
July 1951.

(48) NOLM 9562, Preliminary Study of Gasless Delays, by R. il.
Comyn. 194K,

(49) NOLM 10643, Program for Developing Gasless Delays, by

R. II. Comyn. January 1950.

(50) NOLM 10804, Delay Element Mk 1 Mod 0, Resulis of 3}, Years
Surveillance, by K. N. Boley. August 29, 1950.

(51) U. S. Putent 1,949,841, Fuze for Shells, H. k. Nash. Marcku 6,
1934,

U. 8. Patent 1,960,591, Cemposition for Fuze Igniter Charges
and the Like, IT. . Nash. May 29, 1634,

(52) Pieatinny Arsenal Technical Report No. 648, Investigation of
Hercules Non-Gaseous Powder for Use in 21-sec. Time Fuze.
September 10, 1935, (5-12929).

(53) Pieatinney Arsenal Technical Report 1546, Surveillance Tests
on M1€A1 Primer Detonators. July 16, 1945. (S-12920).

(54) Pieatinny Arsenal, Compositions for M16A1 Primer Detonators.
February 4, 1944, (8-12930).

(551 British Intelligenee Objectives Report No. 644, Item 2, by
Di: W, Tavlor and J. S. Forbes.  (5-13285).

(561 Picarinny Arsenal Technical Report PA R87, Development of
Delay Powder for Mk X11 Nose Bomb Fuze-Final Report.
April 36, 1930, (S- 120'24)

i57) Pieatinny Avsenal Technical Report PA R105, Study of Factors
Involved in Securing Uniformity of Rate of Burning of Red
Lead-Silicon Powder. Noventhber 25, 1030,  (5-12023).

(58] Pieatinny Arsenal Techniceal Report PA 185, Development of A
Lead Chromate-Silicon Powder Burning in 30-35 seconds
in the 21 second 1807M Time Fuze. IFclwuary 8, 1032,
(S 12025

i34 Pieatinny Arsenal Tee tinical Report PA F-146, Test of Special

1

Tad Lead Silicon Powders, January 11, 1820, (5-12926).

FINENTIAL 2-35




CONFIDENTIAL
SECURITY INFORMATION

Chapter 3
CHARACTERISTICS OF PRIMERS

The primer usually occupies the initial position in the explosive
train and, accordingly, is generally the most sensitive element in the
train. The priming mixture may be initiated by either mechanical
or electrical energy.  Fuze primers are classified as stab, percussion,
or electric, depending on the nature of the initiation. Available
information on the characteristics of each of theac types is summarized
in the following sections.

§
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Section I: Stab Primers

General Petfermance Characteristics

Stab primers are small, initinting elements that are highly sensitive
to the action of a stab-type firing pin. The explosive charge Is
designed to evolve a quantity of gas at high temperature for the pur-
pose of: {1) Accomphishing mechanical work; (2) initiating a burning
nction in pyrotechnic and explosive charges; or (3) initiating the
sxplosive charge in a flash detonator.

Applications. Stab primers are used by the Navy to perform
mechanical work. For example, Primer Mk 162 expands the inner
cup of u fuze of the Mk 28 type and drives o firing pin into the second-
ary primer. Primer Mk 100 in one application drives & pin into a
gluss vial.

Stab primers are used by the -Army to ignite a black-powder
charge.  Army Primer M45 includes an ignition charge within the
stab primer assembly in addition to the priming charge. Although
American practice has been to use percussion type primers for the
initiation of sealed delay clements, severel foreign fuzes which have
been examined have a stab primer, together with its firing pin,
enclosed within such an element. In one such fuze, initiation results
from setback forces; in another, initintion resuits from impact forces.

Advantages. Stab primers may be made to possess a higher degree
of sensitivity than pereussion primers. Therefore, where little energy
for initinting an explosive train is available, stab primers may be used

advantageously.

Disadvantages. otab primers are initinted by driving o firing pin
into the sepsitive end of the primer case. The resulting hole allows
combustion produets to eseape from thiz end of the primer. In many
spplicaions, this design’is undesirable {rom the standpoint of pressure
Lility of fouling moving parts,

coniral gl the pogsioi
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